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SUHHARY 
Blends of Nylon 12 and l/igh Density Polycthylene were prepared 
and their phase structure and physical properties evaluated. The 
mechanical properties and the unexpectedly low densities of certain 
blends were explained in terms of differential shrinkage of the 
phases. No evidence for compatibility was found, even on a limited 
scale; in fact, the interfacial adhesion of the blends was shown to 
be very low indeed. 
Two possible methods for improving interfacial adhesion were ' 
investigated: the incorporation of a third component to improve 
bonding between the phases, and the introduction of hydroxyl groups 
into the high density polyethylene to enable hydrogen bonding to 
talte place between the phases. The former proved to be extremelr 
difficul t to evaluate, whilst the latter was successful but did 
not lead to a significant improvement in mechanical properties. 
Blends of Nylon 12 and Nylon 11 were examined os on example of a 
system with maximum interfacial adhesion. 
Two interesting features were revealed by this study -
the improvement in impact strength of Nylon 12 containing up. to 
1~~ high density polyethylene, and the formation of a lower melting 
crystalline layer on the high density polyethylene phase. Theories 
for the mechanism of both of these phenomena ore proposed. 
A practical application of crystalline polymer blends in 
coated filler systems was investigated. 
\ 
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CHAPTER 1 - GENERAL INTilODUCTION ' 
1.1 INTRODUCTION 
• 
It has long been recognised that significant technological 
benefits might arise from the blending of polymers, and, much 
scientific and applied effort has been expended in this field. 
The first instance of the mixing of polymers was recorded 
as early as 1912 (1) although substantial industrial work was 
not undertaI(en until the mid and late nineteen-forties. This 
was carried out in the United States, prompted by the large 
quantities of Government synthetic rubbers available there 
without immediate outlet. Apart from the substitution of 
synthetic rubber blends for natural rubber, it resulted in the, 
blending of nitrile-type rubbers with polyvinyl chloride and 
also in the introduction, by Dow in, 191,8, of the first 
commercial polymer mixture suitable for injection moulding. 
The latter was a high impact polystyrene containing 5% by weight 
of poly (butadiene co styrene). Its successful manufacture 
quickly became more sophisticated so that it has now become, 
technologically, appreciably more important than polystyrene 
itself. Since then the numbers of patents in this field have 
multiplied greatly and numerous forecasts have been, made that 
future polymer developments will centre upon blending,with 
appropriate morphological control, rather than the introduction 
of new polymers. ITowever, it is interesting to note that the 
actual number of commercially successful polymer blends is still 
small, and that, with these notable exceptions, and their 
extensions, polymer blends, in the sense of intimate mixtures of 
polymer pairs, have failed to live up to their-expectations. 
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Three major problems are generally associated with the 
synthesis of direct polymer blends; these are compatibility, 
blend stability and reproducibility. Compatibility in this 
sense does not necessarily imply molecular homogeneity - in 
fact many desirable features of blends appear to be due to 
microscopic heterogeneity - but means rather the balance of 
. segmental compatibility which enables a blend to assume special 
morphological characteristics associated with advantoges in 
mechanical properties peculiar to the system. It is also 
equally important that a blend should possess stability to 
varying processing conditions, in that a change in phase 
dimensions can ~ead to important changes in properties. Thus 
both high impact polystyrene and ADS exhibit sub-macromolecular 
compatibility, induced by grafting, and·blend stability by 
cross-linking of the disperse phase. 
The development of high impact polystyrene provides a 
useful example of the extent of sophisticated development 
necessary before commercial success can be assured. The initial 
polystyrene-rubber systems '{ere made b)r mechanical mixing 
techniques and exhibited relatively poor adhesion between phases 
and poor processing stability, but still the impact strength was· 
appreciably improved over the base resin. The development of a 
grafting and cross-linlting procedure,together with control of 
particle size, led to a material with r,rcatly improved inter-
facial adhesion, reproduci bili ty, process sta1li1ity and higher 
impact strength - a very viable polymer blend. The remarkably 
successful ADS blend system progressed along similar 
technological lines, though in this case the modorD material 
became commercially established before its true morphological 
nature was discerned, even in the laboratories of the 
inn~vative company. (Accounts of ASS by Marbon ~p to about 
1955 referred crroneously to. the "macromolecular homogeneity 
of the blend"; it was later described as an "alloy"). 
PolyVinyl chloride (PVC) is a polymer which exhibits 
unique tolerance towards additives, due to its polar nature 
and tendency towards positive heats of mixing, and is capable 
of forming a number of commercially significant "compatible" 
blends. Blends of PVC with poly(butadiene co a6rylonitrile} 
are widely used as flexible polymer systems. Impact improvement 
in rigid PVC is obtained by incorporating a variety of special 
partially compatible rubbers, for example, block chlorinated 
polyethylene. Poly(styrene co acrylonitrile) may also be 
blended in minor proportions with PVC to improve processing 
without affecting the mechanical properties of the product; 
these two polymers are macromolecularly compatible with each 
other within limits, at certain copolymer ratios. 
Compatible polymer blends are also produced by blending 
different grades of the same, or very similar, polymers. The 
resulting change in molecular weight distribution or 
crystallinity can' subtly modify certain properties. A conwon 
example of this is the practice of blending high and low 
density polyethylenes to improve such properties as resistance 
to environmental stress cracking etc.. In these types of blends, 
however, far fewer problems are encountered than in blends of 
dissimilar polymers. 
Elastomer blends represent perhaps the highest to~age'of 
polYmer mixtures used commercially at the present time. Typical 
3 
blends are of natural rubber, polybutadiene, poly(butadiene 
co styrene) and, more recently, ethylene propylene terpolymers. 
In these blends problems of interfacial adhesion are overcome 
by the use of a common vulcanisation system which leads to 
cross-linking between microphases. Careful control of the 
mixing cycle has been shown to be necessary in order to obtain 
uniform dispersions of the components, especially between 
batches (2). It appears to be the case.that in elostomer 
blends, although initial blending considerations can be similar 
to those encountered at appropriate stages in thermoplastic 
polymer blends, subsequent vulcanisation helpfully fixes the 
system and the variation of properties from batch to batch. 
From the above examples of commercial polymer blends it 
may be expected that for a blend to be industrially successful 
it should either be a "compatible blend" or a grafted and/or 
cross-linked system •. It is equally clear, however, that a 
fully developed product only arises in stages, and hence it is 
necessary to examine simpler systems in the first place, making 
modifications as advantageous features are successfully 
delineated. It is indeed likely that valuable work on blends 
has been inhibited in recent years because of ignorance of the 
nature of the appropriate complex progression of scientific and 
applied research required for ultimate success. 
Until the middle of the last decade the research and 
development in the field of polymer blends has tended to follow 
one of two courses:-
(a) the technical approach - in which nearly all conceivable 
polymer pairs have been somewhat crudely blende,d and 
teoted in the hope of finding specific technological 
improvements. It is the empirical approach "hi ch has led 
to the ~ast number of patents issued in the blends field, 
the majority of which having found no commercial application 
"hatsoever. 
(b) the theoretical approach - in which research has been 
carried out in an academic manner along narrow lines. This 
approach is ,typified by workers who have a preoccupation 
with such fields as solution compatibility or the use of 
single teclUliques for evaluating compatibility and do not 
consider the potentialities of the system as a whole • 
• Often, however, this is not entirely due to the individual , 
but to the limited expertise available at one location. 
In recent years, however, appreciable basic work has arisen 
from studies of block copolymers, particularly the sandwich 
block structures. 'From this work the peculiarities of morphology 
and their consequence upon the variabilities of mechanical 
properties have been exposed. It would appear that future 
studies of polymer blends will gain from this kind of 
knowledge. It is in this context that the relatively unstudied 
field of blends of crystalline polymers was undertalcen in the 
present work. This field has been the subject of quite a number 
of patents which do not appear to have been very successful in 
commercial practice, but it has not been studied with the 
appropriate awal'eness of the influence of morphology on 
properties and the need to progreas technologically by successive 
understanding of well characterised systems. 
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1.2 CLASSIFICA'rION OF BLENDS OF CRYSTALLINE POLYHERS 
The major part of the reported work in this field may be 
conveniently ~ouped 88:-
(a) Blends of polyolefins - mainly to improve specific 
properties, for example impact resistance or resistance 
to environmental stress cracking. 
(b) Blends of polyomides and polyesters - to improve fibre 
and textile properties. This can lead to the formation 
of block copolymers by ester/amide interchange • 
(c) Blends of polyolefins and polyamides - again to improve 
fibre properties, particularly the dyeability of poly-
olefin fibres, or to produce heterogeneous multifibrillar 
fibres. 
(d) Blends of polyolefins and polyamides - to modify specific 
properties of the bulk plastics materials. 
(e) Other miscellaneous blends. 
It was decided to concentrate on group (d) blends of 
6 
polyolefins and polyamides, since this would appear to be the area 
most Ultely to lean to a greater understanding of the structure 
and properties of crystalline pol)~er blends in general. 
1.3 ImVIElf OF rIm LITBl1ATUllP. ON BLENDS OF l'OLYOLEFINS ANn POLYA}!IDBS 
The available literature on this topic is mainly in the form 
of patents and the occasional review articles. The field may be 
divided.'!nto those blends produced for fibre applications and 
those produced for general applications, and thence further 
, 
subdivided depending on the nature of the blends. 
(i) Blends of polyolefins with minor amounts of polyamides 
for fibre application 
7 
The blending of minor amounts of conventional nylon-
type polyamides with polyolefins, in particular polypropylene, 
·to give fibres with improved dyeability was first patented 
in the early nineteen-fifties (3), (4). Further patents 
for the improvement of fibre properties and the melt 
spinning of the blends appeared later (5,6). Hore patents 
were issued claiming modification by polymerisation of the 
polyamide in the presence of the polyolefin (7,S), by the 
use of copolyamides of presumably low crystallinity (9), 
by the inclusion of other reactive additives (10,11) and 
even by the post treatment of the blend by Lewis acids (12). 
A similar, series of patents was also claimed in which 
non-standard polyamides, usually of a basic nature, were 
incorporated in place of, or in addition to, the conventional 
nylon polyamides (13-22). 
Whilst the majority of the patents quoted above 
claimed improvements in the dyeab,ili ty and heat stability 
of the polyolefin fibres, several patents have been issued 
concerned with the formation of conjugate or heterogeneous 
fibres for such purposes as improved crimpability (23,24) 
or ability to split to form bristles (25). 
In s number of the above patents, polymers other than 
'polyamides, but containing similar polar groupings, are said 
to give similar results, for example, polyesters, polyureas, 
polyurethanes, polycarbonates and polyanhydrides (4,13). 
Several reviews have also been published dealing 
with pol~~ropylene/polyamide fibres but these are concerned 
mainly with fibre properties and dycing techniques (26-29), 
~nd give little information on basic blend properties. 
(if) BlE!ndA of polyamide with minor a,"ounts of polyoleffw;! for 
fibre application 
The blending of minor amounts of polyolcfins with 
polyamides for fibre application hus not received as much 
attention as the converse due to good dycobility and fibre 
properties of unblended polyml!ide fibres. Several patents 
covering these hI ends hll're, however, heen issued for melt 
spun filament3 and fibres (30,}l). It has been claimed 
that the inclusion of up to 5'1~ of n partially-oxidised 
10\( molecular weight polyethylene in polyamides will 
increase the abrasion resistance of the fibres (32). 
(Hi) Blends of polyolefins ond polyamides for moulding 
applications 
The use of blends of polyolefins and polyamides for 
moulding applications was first claimed by Continental 
Call Co. Inc. with a blanl<et patent covering nylons melt 
blended with polyethyl('ne or polypropylcnp at all 
ratios (33)". " It "as Etnted that the products appeared to 
be "fully compatible and have excellent properties". It 
is. however, intez:esting to note that just prior to the 
filing of this patent, !>"".1 ront filed nn application for 
thel'lnOplastic resins, including polyethylene, fi1111d with 
nylon in the form of fibres (31;). "Later patents wel'e 
issued for applications of t.he blends as hearing materials; 
o 
" . 
it was claimed that blends of polyethylcne with up to 
10"/0 nylon (35), and nylon with up to 20"/0 IIDPE (36) had 
greatly improved abrasion resistance. Patents have:31so 
been issued for the preparation "of moulding materials by 
polymerising lac toms in the presence of polyethylene or its 
copolymers (37) and also for the simultaneous polymerisation 
of an olefinic monomer, presumably by free radical 
initiation and the condensation of a polyamide (38), tne--
example cited being styrene ond nylon "salt". This method 
was reported to give a finer phases structure than would be 
obtained by melt blending of the homopolymers. 
A further patent was applied for by Continental Can 
Co. Inc. for polyolefin/polyamide blends prepared in the 
presence of a filler. An example given is IIDPE 8"5~, 
Nylon 6 l~/o, Silica 1%. This material is claimed to be 
suitable for bottles and packaging films (39). Patents were 
also obtained for blends of polyolefins and polyamides 
prepared in the presence of certain inorganic fluorides ("0). 
It was found that the inclusion of up to l~~ of a third 
component improved the dispersion of polyamide/polyolefin 
blends, leading to better mechanical properties. The 
additives cited in patents included ethylene/acrylic and 
similar acid copolymers ("1-""), ethylene/ethylene -
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unsaturated scid copolymers neutralised with sodium ions ("5,46), 
carboxylated linear polyethylene (47) and a diamide prepared 
from an aromatic polyhydroxy carboxylic acid (liS). 
Patents have also been granted for blends of polyamides 
with ethylene copolymers alone, for example acidic olefin 
copolymers (49) and ethylene/isopropyl acrylamide copolymers (50: 
.' 
(iv) Grafted blends of polyolefins and polyamides for moulding 
applications 
IU 
B.A.S.F. developed a system for the production of graft· 
copolymers, the basis of which is a polymer containing 
nitroso groups (the initial.polymer system waS produced for 
styrene copolymerised with N-benzyl malerunic acid in the 
presence of N-nitroso-N-benzyl succinamide) which was then 
further reacted with other monomers to produce a graft 
copolymer (51). This system was developed so~hat polymers 
containing'amide groupings (nylons) could be reacted with 
a nitrosating agent (for example dinitrogen trioxide) and 
then used as a catalyst to graft on vinyl monomers (52). 
The above system W8S further modified to produce graft copolymel 
of nylons with polyethylene by melt blending a nitrosated 
polyamide with polyethylene at high temperatures to give 8 
desirable degree of grafting (53-55). B.A.S.F. also patented 
apolyoleiin/polyamide grafting system in which the two 
polymers are merely intensively blended in the presence of 
a peroxide free radical initiator (56). 
Several other systems were developed for the production 
of grafted polyamide/polyolefins, usually starting from an 
ethylene/acrylic acid or acid derivative copolymer, either 
by grafting directly onto polyamide chains by melt 
blending (57,58) or by using the acid copolymer as a site 
for grafting in the initial condensation polymerisation of 
the polyamide (59,60). Uecently work has been carried out 
by Kiuchi on similar grafts using ethylene/ethyl acrylic 
copolymers as co-cntalysts in the ionic polymerisation of 
caprolactam and laurolactam thus producing lO~~ grafted 
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material (61). 
The only technical paper, as opposed to patent, 
published so far on the subject of polyole-fin/polyamide 
blends for non-fibre applications is the one by G. Illing 
on "Alloys of polyamides and polyethylenes" which briefly 
compares the mechanical properties of two grafted polymers 
of Nylon 6/LDPE and Nylon 6/LDPE wi th their component 
materials (62). 
1.~ COMMENTS ON TIIE PUBLISHED J,ITEltATUllE ON POLYANIIJE!rOLYOLEFIN BLJ::NDS·-
The majority of pUblicntions on this tOllic ore in the form 
of patents "hich ore oft.en misleading and ore not a reliable source 
of -information for the comparison of materials. At best they are 
a pointer to possibly frui tiul lines of research. 
__ l'he patents concerning the blends for fibres are mostly 
concerned with dye abi. li ties and, ion some cases, fibre properties-; 
very ~nrely are any att.empt.s made to det.ermine t.he st!lte of the 
blends etc •• The patent.s concerning the use of the blends for 
non-fibre applications quote either standard. mechanical properties 
to a variety of standard.s {for example tensile strength, elonga-tion 
at break, impact strength etc •• (1,2,43,46,53,59,60) or quote service 
tests, for example drop weight impact strengtlls for blow moulded 
bottles (39,41,45,47). Any results quoted lire fr<1qucntly 
presentcd in a manner which makes scientific assessment dUficul t. 
For example, Continental Can Co. I11C., in their series of patents, 
quote drop weight impact strengths of blow moulded bottles and in 
one l,atl'nt (U) give an elaborate series of results for one 
particular polynmide!polyolefin blend_ but neglect to indicate 
any results for. any other mat.crisIs 90 that comparisons can be 
made. They merely state that "the urop impact resistance of the 
untreoted bottles was considerably lO~ler than for the treated 
bottles". In another example (47), 'the same company quote drop 
impact resistance results for two materials, one material with 
25% higher results than the other, and fail to indicate any 
difference between the materials. 
Of the non-patent literature published on this topic, the 
majority of papers deal with brief mechanical 'properties of the 
blends.and handling and processing techniques for them. llowever, 
. . 
in one paper on polypropylene!polyamide blends in fibre form, 
it is stated that X-ray studies show blends are solutions rather 
than mechanical mixtures (27) - a statement of rather dubious 
veracity. 
1.5 REVIew OF LITEltATURE ON POLY}fErt BLEmlS IN GENERAL 
The volume of work carri cd onto on p<>lym('r· blends in general 
is far 1;00 large to be reviewed in a work of this nnture. ITowever,. 
several very good reviews have been published in the last few 
,years on polymer compatibility (63~66) and properties of two-phase 
systems (67-68); generalised conclusions on the behaviour of 
polymer blends are given. Unfortunately, as has been stated 
previously, very little work has been carried out on crystalline 
blends and none reviewed. 
1.6 TlIEID!ODYNAHIC COHPATIBILITY IN POU'HElt BLENDS 
The vast majority of polymer blend syst.ems are heterogeneous 
even when the components are quite similar. Scott (69) and 
Tompa (70) were the first to sho'f that the likelihood of any two 
--
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polymers, of appreciable degrees of polymerisation, being 
thermodynamically compatible was very small. This was demonstrat'ed 
by an extension of the Flory-J!uggins theory of'polymer 
solutions (71-75) to include mixtures of polymers with or without 
, 
a solvent present. The thermodynamic considerations in the 
blending of amorphous polymers are well known and several 
comprehensive reviews have been written on the subject (65,66). 
There arc, however, several important considerations that need 
to be taken into account, particularly where one or more of the 
blend components exhibit crystallinity. 
Two methods are generally available for the blending of 
polymers:- (8) Solution blending of the components using a 
common solvent and (b) melt blending of the polymers at a temperature 
such that the mobility of the polymer chains is increased 
suffiCiently for the polymers to be of low enough viscosity to lIe 
handled by the mixing equipment. The former method is the technique 
most frequently considered for thermodynamic treatments. However, 
it is not a commercially viable technique for.most polymers and, 
ia not relevant to this present worlc. The thermodynamic consideration: 
implicit in the latter case, the melt blending of polymers, will 
therefore be briefly dealt with. 
A mixture of components in the mol ten state will form a 
compatible system only if mutual solution takes place during 
mixing and the resultant blend forms a thermodynanlically stable 
single-phase systeln at room temperature. For two components to 
be mutually soluble, their fr~e energy of mixing must be negative. 
" 
AF=AI! - TAS 
where~F = Increase in Gibbs Free Energy 
AI! = Increase in Enthalpy on mixing 
AS = Increase in Entropy on mixing 
T = Absolute T('mpernture. 
Hence the smaller the enthlllpy or the larger the entropy 
of mixing, the greater the possibility of mutual solution~ The 
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entropy termTAS is 8 measure of the disorder of the total number 
of molecules in the system and, since the molecular weight of 
most polymers is high, the entropy is correspondingly low. Both 
Gee (76) and Pazonyi and Dimitrov (77) considered the value of 
TAS for typical alln"phous polymers to be of the order of ~ 
.0.017 joules/m!. (6.01• cals ./cc). As crystallisation in polymers 
is a process of ordering this therefore leads to still lower 
values for the entropy change after crystallisation, thus making 
compatibility among crystallisable pol)'Mers on cooling from the 
melt less likely. 
Hildebrand (78) showed that the heat of mixing,AII, or 
enthalpy change for any pair of liquids is defined by:-
2 
A I! = V (0. -02) PI Jl2 
where V = Total volume of mixture. 
PI' $12 = Volume frac tion. of components 
cS l' S 2 = Solubility parameters of the components. 
A II depends on concentration and has a maximum value at 
pi =. P't= 0.5, and approaches zero when the mixture is infinitely 
dilute. A II is also zero ,,-hen SI =6'2' Hence in determining the 
compntibili ty of two polymers both the relativo concentrations 
and the solubility parameter difference between them are important. 
.. 
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The solubility parameters .of polymers are determined ei'ther 
experimentally, by the interaction hetween the polymer and liquids 
of kno~~ solubility parametcrs, or by calculation from tables by 
Small's }lethod (79,80). In either case the solubility parameters 
are usually quoted for room temperatures. Since the solubility 
parameters are derived from the cohesive energy densities of the 
molecules, and hence are related to intermolecular distances, 
they are temperature dependant. In considering the possible 
c~mpatibility of polymers from such calculations; the values at 
room temperature are normally compared. Although compatibility 
at room temperature may be desired, polymer blends are frequently 
produced at elevated temperatures and hence if compatibility is 
not obtained at the melt temperature, blends are not lil<ely to 
be homogeneous on cooling to rab·n\ temperature. For blends of the 
majority of amorphous polyn1ers it is unlikely that this factor 
will be critical, as the low temperature variation of the 
solubility parameters will most probably be compensated for by 
the increased latitude in compatibility at elevated temperatures 
(due to an increase in TC>S). In the case where one or both of 
the components are crystalline polymers, the large specific 
volume changes that take place at the crystalline melting point 
will lead to similar large steps in the soluhili ty parameter/ 
temperature relationships. It is therefore unlikely that the 
comparison of solubility parameters obtained at room temperatures 
for crystalline polymers will give an indication of the 
compatibility of the polymers in the melt, unless corr~ctions 
are applied for this variation. The situation could arise in 
which two seemingly widely differing polymers may in fact be 
compatible at the melt temperature but incompatible at room 
temperatu0As an exam~1e of this, if the solubility parameters 
of Nylon 12 ond polystyrene are calculated by Small's Hethod (79) 
o for a temperature of 200 C, taking into account specific volume· 
,. ! .1/ 
at this temperature, values of 17.58 Joule2/ml~ (8.45 cals· 
). .t .1.. 1.. -'l. 
cc2 ) for Nylon 12 and 17.47 Joule2/ml2 (8.40 cals~/cc2) for 
polystyrene are obtained. These values are sufficiently similar 
for the polymers, possibly surprisingly, to exhibit compatibility 
o 
at the melt temperature of 200 C though not at room temperature. 
~o far the·compatibility of polymers at elevated melt 
temperatures has been considered from the standpoint of classical 
thermodynamics. 1I0'fever, equally important to this in the 
determination of the behaviour of blends so prepared is the 
effect of cooling the blended polymers to ambient temperatures. 
In the case of two amorphous polymers, if they· are compatible at 
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the melt temperature, on cooling they may either remain essentially 
compatible and homogeneous or, more likely, phase separation may 
occur and a heterogeneous product may result. The borderline 
between compatibility and incompatibility may be very fine and 
difficult to resolve - as in the case of blends of polystyrene and 
polyphenylene oxides, which appear compatible by one criterion 
and incompatible by another (105). It is possible that metastable 
blends may result if the rate of cooling is fast enough but it is 
unlikely that such. blends would be of interest unless some form 
of stability was introduced - for example cross-linking in the 
case of elastomer blends. 
For blends in which one or both of the polymers are 
crystallisable there are three major possibilities : the polymers may 
• 
, .",' 
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cocrystallise and remain compatible, both polymers may remain 
amorphous Ilnd compatible, or phase separation and crystallisation 
may take place. For cocrystallisation as in the formation of 
. a.ncI ~ "'~, floanda. 
isomorphous substituted crystals of poJyviuylidene fluoride A(81), 
it has been shoWn by Dychov et al (82) that the geometrical 
factors of chain packing arc all important and that t.he maximullI 
permissible limits in the difference in chain dimcnsi.{lns arc cox 
the order of 4-5%. The cumulative effellt therefore of the 
requirements for thermodynamic compatihility and cocrystullisotion 
'make blends of crystalline polymers unlikely', except for very 
similar polymers. 
Blends have been reported of polymers ,,'hieh normally "xis t 
in the crystalline state but on blending remain amorphous. For. 
example, polyvinylidene fluoride Hnd polymethyl. methacrylate are 
reported as compatible (83), the normnlly crystn1line polydnyHdene 
fluoride remaining amorphous and acting as a plasticiser for t.he 
po1ymethy1 methacrylate.' For t.he majority of crystalline polymer, 
blends phase separ<ltion and crystallisation oc~ur t eycn for such 
similar polymer pairs as Nylon 11 nnd NyJ.ot) 12 (CIHJ'TER 6). 
It must be concluded that it is unli],ely for MallY amorphol1s 
polymer pairs, and even 1e&s lilwly for cryst!illillC pairs, to 
exhibi t mutual solution And hence true t.herDlod.ynamic CQWT,ntibil i ty, 
8S in thc aense of 10'1 molecular weight liquids, if coU\patiuili ty 
, 
means ho,"oge~lty and 1\ single phase morpholo;:y. 1I0'fcver, since 
cert.ain polym~r pairs, although not thcrDlouynomically compatible, 
do exhibit prDperties .fhleh ore not chnrO<lteristic of incompntible 
1,oir8, it remains to llefinc (:oml'atibility in a practical msnn'!r 
for polymer blends as they are pract.ically observed. Since it is 
on inexllct, nebulous concept, it is difficult to find 8n a11-
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embracing definition, but perhaps "th"e best one" is that of" 
Yu (65):-
"Conceptually, compatibility is a representRtIon of how 
close a polymer blend can approach this" ultimate state of 
"molecular mixing. Phenomenologically, it Is a relative measure 
of the degree of heterogeneity of the polymer blend - that. is, 
how finely one polymer is dispersed in another. Compatibility in 
a polymer blend is subject to differences in exp~rimcntation and 
"interpretation of reslIlt. One should describe it by giving the 
sample history and method and instrument used to determine .its 
degree of heterogeneity". 
This definition, ho"cver, is still not entirely complete 
. since it (loes not take into account the phenomenon of partial 
compatibili ty which is perhaps the most important" aspect. of 
commercial polymer blends. Partial compatibility occurs mainly in.: 
blends containing copolymers particularly block or graft copolymers, 
as one of the components. For example, high impact polystyrene 
basically consists of a polystyrene matrix ,11th rubbery inclusions. 
The inclusions are not pure homopolymer but c~ntain grafted side 
chains of polystyrene which are compatible with the matrix, and 
hence increase interfacial adhesion, They also act in a monner 
analogous to surface active agents in emulsions, thus rendering 
the inclusions stable to processing by preventing agglomeration. 
1.7 ASSESS~rF.XT OF com'ATI_BILITY m' po.!.~ BLENDS 
As ha:; been indicated by Yu and others, compatibility is 
a nebulous conccpt, and the various tec~~iques described for its 
assessment in the literature all have varying standards and sensit-
/ 
ivi ties. It is important therefore, to recognise the limits tor 
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each method when assessing polymer blends for compatibility. 
(i) Solubility parameters 
It has been suggested by workers at various times that 
solubility parameters maybe used to predict compatible polymer 
pairs. Kranse (66) has developcd this technique to such Iln 
'cxtent thnt he can estimate compatibility for some polymers 
either at all concentrations or limited ones and even correct 
. for variations in molecular weights in the polymers. This 
method is also applicable to random copolYmers. Dohn (67) 
and Corish '(84) have dra'ffl up extensive lists of 
solubility parameters for polymer pairs. Dohn hns indicated 
that the prediction of compatibility by matching the 
solubility parameters has had success with some pairs but 
complete failure with others and suggested that the common 
practice measuring solubility parameters by interaction 
with a series of low molecular weight solvents can lead to 
resul ts which are not applicable to solid state compatibility. 
It is also normal to determine the solubility parameters of 
polymers at ambient temperatures, in which case such 
measurements are again not applicable to the melt blending 
of polymers at elevated temperatures. 
(ii) Solution in a common solvent. 
Dobry and Boyer-ICawenold (85) and other workers (86,64) 
showed that the compatibility of polymer pairs could be 
assessed by solution in a common solvent; if phase 
separation occurs, the pair are incompatible. This test 
is arbitrary and gives only relative results since phose 
separation is affected by concentration and temperature. 
It should also be borne in mind that Sc'ott (69) showed that 
no matter how incompatible t\{O polymers are, it is always 
.kU 
possible to make a very dilute solution containing both, 
8S long 8S a solvent which dissolves both polymers exists. 
(iii) Film casting 
This teChnique has been suggested as a corollary to 
the previous method. Peters on et al (64) showed that certain 
polymer pairs formed single phase solutions but failed to 
yield homogeneous films on casting from solution. This 
method is therefore a useful check on compatibility. 
(iv) App"orance of fused product 
From the fabrication point of view, polymers have been 
regarded as compatible if they form a smooth, fused' product. 
For example, on a two roll mill, cheesey products are said' 
, 
to be incompatible. For materials which have been moulded, 
transparency has been taken as an indication of compatibility 
whereas opacity indicates incompatibility. These means 
of assessment are, however, arbitrary and crude, being 
affected by individual judgement and giving no information 
on the morphology of the system. 
(v) Density variations 
Aleltsenlto (87) showed that density changes occurred 
in blends of PVC with poly(butadiene co vinylidcne 
dichloride) and showed that if the experimental density 
for such blends was lower than the density'calculated, 
assuming additivity of volumes, then the system was 
compatible. He later de.veloped this to give his "Contraction 
Coefficient" method of n8.Be88ill~ compatibili t,y (88). 
Subsequently it has been shown that this relation is not 
universally true for a variety of reasons. 
" 
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(vi) Glass Transition Temperature 
Themecsuremcnt of glasa transition temperatures (Tg) 
for polymer blends yields useful information on the nature 
of blends. lIomopolymers and homogeneous copolymers in 
general yield single", sharp glass transitions. However, 
. in a blend or a block or graft copol)~er three types of 
glass transition behaviour may be observed (89):-
(a) Polymer pairs "bich arfi incompatible possess 
two glass transitions at nearly. the same temperatures 
as thq component polymers. 
(b) Polymer pairs which are compatible exhibit a single 
glass transition'intermedia'te between the two 
homopolymers. The exact position of the blend Tg 
depends upon the blend ratio. 
(c) Dlends which are partially compatible yield a single 
but broad, glass transition - this is similar to 
heterogeneous copolymers. 
Glass transition temperatures may be determined in 
many ways. Jenckel (90) describes the use of the refractive 
index/temperature relationship to determine the compatibility 
of polymer blends. Dilatometry has also been used by 
several workers (91,92). The method which has found favour 
with many research "orkers recently, because of its speed 
, , 
. jJ;a, Differential Thermal Analysis (DTA) (92,93) and the 
associated techniques of Differential Scanning.Calorimetry 
(DSC) and Thernomechanical AnalysiS (THA). 
The measurement of glass transition temperatures for 
blends of polyamide Rnd polyethylene is impractical, due 
to the low Tg of polyethylene and the difficulty of 
22 
detecting a Tg for nylons. (Various workers have reported 
the Tg of nylons to be in the region of _~OoC t~ +~Ooc. (9~). 
" ,(vii) ~mic HechAnical HMs~ments 
.' 
Nielson' (95,96) Rnd Tagayonagi (97) have studied the 
applications of dynamic mechanical properties to the 
assessment of compatibility and phase structure, and have 
shown that, as with Tg measurements, a compatible polYmer 
blend will show a damping maximum between those of the 
parent polymers. Since dynamic mechanical tests measure 
the response of a material to an applied stress at different 
temperatures ami frequencies, they indicate the transition 
of the material from glassy to 1 eathery to rubbery states. 
lf the frequency is low (about lc/9) and constant, then 
the results are related to other teChniques. 
Various forms of' dynamic mechanical testing have been 
devised, including torsional pendulums (98-100), vibrating 
l1~eds (101,102) rotating beam non-resonant apparatus (103) 
and other instruments. 
(viii) Hicroscopy 
This is a powerful tool for stUdying compatibility, o~ 
rather, incompatibility, for not only is the blend shown to 
be incompatible by tl,e detection of different phases but the 
size, shape and distribution of the phases may be examined. 
Dy the use of both optical transmission microscopy and 
electron microscopy, heterogeneity from l00fm to below 
'10 nil! (100R) may be detected by suitable sample preparation 
techniques. 
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(a) Optical Hicroscopy 
Samples for examination by optical transmission 
microscopy may be prepared by "sectioning" thc blend t,o 
produce sections of 1-2q,.tm thickness or by the "hot 
pressing" of the polymer to give a thin film. The 
former method is preferred since the latter leads to 
distortion of the phases. Since all polymer films 
appear transparent at these thicknesses, it is 
necessary either to use phase contrast microscopy, or, 
preferentially, to stain one of the components, in 
order to distinguish betwe'en the phases. The resolution 
of optical microscopy permits detection of heterogeneity 
down to about O.~m. 
(b) Electron Hicroscopy 
, The preparation of samples of electron ",icroscopy 
requires great skill and expertise since the thickness 
of the sections should be in the order of O.~m. 
Samples'may be prepared by solution casting or 
ultramicrotomy. ' The former method presents problems 
for polymer blends, since the casting process may well 
alter the phase structure, and tberefore the latter 
method is prefer~ble. Since the majority of polymers 
are almost equally transparent to an electron beam, 
one component must be preferentially stained to render 
it electron dense. Thus, the technique may not be 
applied to certain blends where preferential staining 
is not possible. The resolution 'of heterogeneity 
• 
depends very much on the sample and the techniques 
employed, but should be to below 10 DID (100A). ~Iatsuo, 
Nozald and Jyo (101.) showed that heterogeneity at the 
10 run scale existed in blends of PVC/poly(butadiene 
co acrylonitrile)., 
(c) Scanning Ele~tron Hicroscopv 
This is a recent technique which is replacing 
replication tecllniques in electron microscopy for the 
examination of surfaces. Fracture surface examination 
of po~ymer blends can yield information on interfacial 
phenomena. The g.'eat advantages of scanning electron 
microscopy are that sample preparation'is extremely 
easy and the depth of focus of the instrument is about 
three hundred times greater than would he obtained from 
the optical microscope. 
Of the methods described, the most useful for 
yielding information on polymer blendsore,glass ' 
transition measurement, dynamic mechanical measurement 
and microscopy. However it is possible that a polymer 
blend deemed compatible by one technique 'may be shown 
to be incompatible by another. For example, Hatsuo (101,) 
showed that whereas PVC/poly(butadiene co acrylonitrile) 
(60/40) gave 0 single damping peak indicating a 
compatible system, electron microscopy indicated 
heterogeneity. Stoetling et 01 (105) found that while 
,blends of poly(2,6 dimethyl 1,4 phenylerie ether) with 
otactic polystyrene gave two damping peal(s on dynamic 
mechanical measurement, they yielded a single Tg using 
.. 
differential scanning calorimetry. 
1.8 ADlS oF:....TIm PnESENT WOIU{ 
The decision to investigate the properties of blends of 
polyamides and polyolefins as being representative of blends of 
crystalline polymers in general was prompted by the existence of 
a patent to Continental Can Co. Inc. covering blends of nylons 
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and polyolefins. This patent indicated that an investigation of 
this field may be worthwhile since such blends seemingly possessed 
commercial applications. As has been previously indicated, a, 
literature survey revealed that other patents had also been filed 
for materials within this category, claiming improvements in fibre 
properties, improvements in abrasion resistance of moulded articles 
and good resistance to various fluids which made the materials 
attractive for packing applications. However, no scientific wor!. 
has been carried out specifically on the examination of the structurel 
property relationship for blends of these materials. 
A progranune was devised whereby a series of blends of 
representative materials was prepared at a range of blend ratios, 
the materials were carefully evaluated for phase structure and a 
wide range of physical and mechanical properties were measured. 
From this initial evaluation it was intended to base further work 
on any interesting results obtained. The ,whole project ,:,as 
intended to be as flexible as possible and, in fact, to act 8S 
survey of the field to reveal profitable areas for further research 
rather than an intcnsiv~tre3tise cn particular aspects of the 
, blends. 
Choice of Haterials 
The materials selected for this evaluation were Nylon 12· 
(polylsurolactam) and high density polyethylene (IlDPE). The 
former was preferred to the more conunon Nylon 6 and 6,6 polymers 
beclluse it·contains longer alkylene sequcnces Bnd has a melting 
point low enough to be easily melt blended with IIDPE in the 
equipment available. The latter was chosen because it is one 
of the mostvidely used non-polar crystalline polymers. 
Blend Preparation' 
Solution techniques for the preparation of blends of the 
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two polymers were examined and, although a possible common solvent 
st elevated tempcratures was found, the method was discontinued as 
impractical. A series of blends were prepared using a Drabencler 
Plastograph as an instrumented mixer in order to determine the 
optimum mixing conditions for the two polymers. A further series 
was then produced, ranging from lOcr} nylon to 10cr} IIDPE. 
, 
It should be noted that throug~lOut this work the constitution 
of the polymer blends has been expressed as weight ratios rather 
than the more normal volume ratios since weight ratios are absolute 
and unambiguous, whereas the volume ratios of crystalline blends 
are dependent upon the state of crystallisation of the components 
within the blend. 
Evaluation of the nlends 
The morpholollY of the blends was elucidated by the use of 
optical transmission microscopy, scanning electron microscopy and 
differential thcrmal analysis. A range of . physical ancl mechanical 
properties were also measured - including tensile properties, 
modulus, shear strength, impact strength and blend densities. 
W11ilst using differential thermal analysis techniques to 
examine the effects of blending on the crystallisation of the 
components, 'it was found that in some blends the polyethylene 
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component exhibited a double crystallisation endotherm. This wos 
sho~n to be most likely caused by the formation of a surface 
crystalline layer on the HDPE pbase possessing a slightly lower 
melting point. 
Extension of Initial Investigation 
Since the examination of fracture surfaces of the blends 
by scanning electron microscopy indicated negligible adhesion 
between phases, ,t,~o possible methods of improving interphase 
adhesion were attempted:-
(a) The introduction of a low concentration of a third component, 
to act as a bonding agent between phases 
(b) The use of a polyethylene, in the main chain of which hydroxyl 
groups "ere introduced, to provide points for hydrogen 
bonding with the polyamide. 
Both these methods led to some improvement in interfacial 
adhesion. 
A series of blends of two polyamides, Nylon 11 and Nylon 12, 
were also evaluated as a comparative system which should possess 
high interfacial adhesion. 
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Practical Application of Properties of Crystalline Dlends 
A detailed examination of the physical properties of the 
, 
blends of Nylon 12 and nnPE indicated that it may be possible to 
improve the performance of fillers, particularly in crystalline 
thermoplastics, by the coating of the filler with a polymer 
capable of crystallisation at a lo,(er tempernture thnn the matrix. 
The initial results indicated some success but in the time 
available a full evaluation "ns not feasible. 
CHAPTEn 2 EXPE:1IHENT11L \~Om{ 
2.1 PIlEPAIl.ATION OF DLmmS OF CRYSTALLINE 1'0LTI!EIl.S USING A nJlAnm1J)l'!!1. 
--,'( 
PLASTOGJlAPII 
The instrument used to prepare the blends of polymers 
examined was 8 Drabender Plnstogroph, Hodel P.L. 35. This 
. instrument was designed 8S 8 torque rheometer and although 
initially 8n attempt was made to interpret the rheological 
properties of the blends from the torque traces obtained, 
difficulty W8S found in doing so. The instl~ent waa therefore 
used merely as a conventiently-sized internal mixer in which 
blending conditions could be carefully controlled. 
Blending conditions:-
Mixing chamber type W30 capacity 30 cc. 
ltotor speed 50rpm. 
Jacket temperature ~ as specified 
Mixing time 
A hopper was attached to the top of the mixing chamber and 
8 ram WBS fitted into it to compress the gr~nules in order to 
aid initial fluxing. The rant was loaded with a 5kg weight. The 
mixing chamber and the hopper were purged with nitrogen gas prior 
·to the loading of a polymer in order to reduce the possibility of 
oxidative degradation. 
2.2 PREPAllATION OF TEST SlIDETS BY COHPltESSION HOUIJ)ING 
Test sheets suitable for the preparation of teat specimens 
were produced by compression moulding. 'rhe compression moulds 
, 
used were of the "picture frame" type made out of brass or· mild 
steel with stainless steel plates. Test sheets of the following 
dimensions were moulded:-
150 mm x 150 mm x 0.5 mm 
150 mm x 50 mm x 1.5 mm 
75 mm x 50 mm x ).5 mm 
A mould release was required to prevent certain of the 
.10 
blends from sticking to the plates. In order to avoid contamination 
of the test sheet.s by normal mould release agent.s,· Helincx film 
type 0 (I.C.I. polyethylene terephthalate film) was initially used. 
Due to relaxation of the orientated film at 2000 C fresh film had 
to be used for each pressing. Later worl' showed tba t a ·semi-
permanent, cross-linkable, bake-on silicone resin was suitable. 
The resin used was Nidland Silicones Ltd. MS 27)9, applied as a 
5% solution in carbon tetrachloride. The release film was cross-
. linked by baking in an oven for four hours at 200°C.· The bake-on 
silicone provided a very good release surface snd gave a better 
surface finish to the mOUldings than did Helinex film. 
Compression }!oulding Cvcle 
The press was allowed to reach the required temperature:-
2000C for blend aeries A,B,C & D. 
2200C for bleod series E 
The appropriate "eight of material, plus 10')~ excess, was 
loaded into the mould. (approximately i5g for all the moulds). 
Cycle:- . 
. 0 minutes 
5 minutes 
7 minutes 
12 minutes 
. (approx.) 
.H 
the mould was loaded into the press, the platens 
were closed until contact pressure with the mould 
was obtained and the material was allowed to :i>re-
heat. 
the moulding pressure was slowly increased to a 
maximum 
the press was cooled - by water cooling 
the mould was removed from the press when it 
o 
had cooled to 50 C. 
2.3 ElillIINATION OF pmSE STltUCTUlll 
A. Optical Transmission Hicroscopy 
(i) Preparatio~ of sections 
Thin sections of the blend material suitable for 
microscopic examination were produced using either a "Cambridge· 
Huxley" Hark 1 Ultramicrotome, for sections below 2}Jm, . or an 
"H.S .E. Sledge Microtome", for sections of 3sm and above. 
The Cambridge-Huxley Mark 1 Ultramicrotome 
This instrument was used to prepare sections of the 
blends which contained phase structures in the order of 
~~ or below. Samples consisted of small blocks of the 
appropriate blend, of approximate dimensions 1.5 x 1.5 x 4mm., 
mounted in a block of epoxy resin. 'fhe sections were cut 
at room temperature using a 25mm glass knife,' lubricated 
with ethylene glycol/water (50/50). Sections were normally 
cut to a thickness of ~m •. 
• 
H.S.E. Sl~dge Hicrotome 
This was used for sections cut from 2ym up to l~m. 
Samples consisted of small blocks of the apPl"opriate blend 
triwned to a coffin shape (see Fig. 1) 
,. 
direction of cutting 
fig, 1 
The blocks were mounted in water-based adhesive which was 
"frozen" by the use of a liquid carbon dioxide cooling stage 
on the microtome. Sections were cut at about _700 C using 
a 38mm glass knife with a 45 0 cutting angle lubricated wIth 
ethylene glycol. Generally attempts were made to cut the 
thinnest possible sections for each particular blend. 
Sections prepared by both microtomes frequently "curled'" 
or "wrinkled" and were highly stressed due to the cutting 
action. In order to straighten and relax them prior to 
mounting, they Were floated on' the surface of a small pool 
.,., 
, I 
of glycerol ,and hea ted to tempera tures between ll!OoC and 
o ' 
180 C, "hcnce the softened sections flllttened due to 
'surface tension forces. Optinmm relaxation temperature 
depended on the particular constitution of the blend and was 
carried out for periods o'f up to twenty minutes. Sections 
were then washed in distilled water and dried with methanol 
prior to mounting or further treatment. 
(ii) Staining of Sections 
For the majority of the blends examined phase contrast 
microscopY,on unstained sections was adequate to reveal the 
phase structure. However, where the phase structure wes 
coarse and phases exceeded 15ym across, the effectiveness 
of phase contrast was reduced. For these cases it was 
necessary to resort to staining techniques. Various 
techniques were examined, hut no one technique "'!lS successful 
for all the blends and magnifications. It was most suitable 
to stain or dye the nylon phase. The following comments 
illustrate the range of methods employed and results obtained:-
Osmium Tetroxide - was found to be ineffective. 
Conventional Acid and Hetal-Complex dyestuffs - these 
stained but the results were variable and often very uneven. 
It was necessary to carry out the staining at above 800 C, 
, and preferably nearer 1000C, which presented problems with 
thin sections. Iodine stains - these were examined and the 
most effective ,,'as found to be the IIerzberg stain which WOB 
originally developed for paper examination (106). 'I'his stain 
consists of two solutions:-
• 
Solution A Aqueous solution of A.n. zinc chloride -
Solution n 
o . 
saturated at 20 C. 
Iodine 0.25g., Potassium Iodide 5.25g., 
.distilled·water 12.5ml • 
25ml. of Solution A is mixed with Solution n and is 
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allowed to stand until clear. The supernntant liquid 
is then decanted and stored in a dark bottle with an 
iodine crystal. 
The sections were stained for up to ten minutes 
at room temperature to give on even yellow colourlltion 
of the nylon phase. The yellow stain tends to· fade 
within a few weeks of the preparation of sections. 
Staining con only be used where the se.ctions are 
thin compared with- the structural features, otherwise 
the depth of the dye masks the structure. 
(Hi) Hounting of Sections 
Dried sections were mounted beneuth cover slips; 
initially a commercial mounting oil, of refractive index 1.53, 
was used and later a ·partially polymeri~ .. d mixture of n-butyl 
and isobutyl methacrylates. The latter Slowly polymerises, 
thus avoiding problems resulting from the drying out of the 
prepared slides on standing for long periods. 
(iv) The Ultra-Violet Development of the structure of Sections 
It was found that the structural details of blends 
containing Nylon 12 and JIEVA were intensified by the exposure 
of mounted sections to U.V. light for one hour. The U.V. 
light caused the Nylon 12 phase to darken when examined 
• , 
und~r phase contrast microscopy, thus yielding greater. 
contrast. 
This technique could not be applied to the Nylon 12jnDPF. 
systems since the refractive index of the IIDPE was higher 
than tl18t of the Nylon 12. The IIDPE therefore appenre(i 
darker under phase contrast prior to expoaure, and dArkening 
of the nylon phase by U.V. only served to reduce the 
contrast of the system. 
(v) HicroBcopic EXllminntion of the Sections 
The prepared slides "ere examined using A Reichert 
Zetopan.microscope with a phase contrast condenser and 
objectives for transmitted light. A maximum magnification of 
1250 was obtained with this instrument.· 
Photomicrography was possible using a Iv\}! ES photo-
micrographic system. The film used was II fille grain 
negative film (Ilford Pan F) and it ,ms normally developed 
in Ilford 1D-11 or, where high contrnstwas required, in 
Kodak D-8 high contrast developer. 
In some cases, wl1ite haloes were detected at the iiiter-
faces of the components of the blends; these are. characteristic 
of phase contrast photomicrography, being the product of 
imperfect interference between the incompletely separated 
direct and diffracted light beams (107). 
B. Scanning Electron Hicroscopy of Fracture Surfaces 
Prepar3ticr.'of Snmples 
Fracture surfaces suitable for examination by S.E.N. were 
prepared in order to elucidate the phase structure. Compression 
inoulded strips (5cm x lcm) of'various thicknesses were cooled 
in liquid nitrogen for ten minutes and then "quickly removed and 
fractured by flexing. The fracture surfaces were examined 
visually, and flat areas suitable for S.E.H. examination were 
trimmed to siz.; (approximately 5= x 3rum) and mounted on S.E.H. 
stubs using a conduct~ve sdhesive prepared from Silver Dag . 
dispersion and c'ollo:d;ic:n. The fracture surfaces of the samples 
were then cOAted with A gold-palla(lium alloy, using vacuum 
coating techniques, to give a conductive surface prior to 
examination on a Cambridge Stereoscan S2A Scanning Electr'~n 
Hicroscope. 
The above examination and mounting techniques were.also 
applied to samples fractured at room temperature,· particularly 
impact strength specimens. ITowever, for the examination ·of 
blend phase structure, fracture at liquid nitrogen temperatures 
gave less distortion of the phases. 
Estimation of the dimensions of the phases in the blends 
could be made accurately from "S.E.H. photographs. 
2~4 INTEHPllETATION OF THE PHASE STItUC'l'UTIF. OF BLENDS BY OPTICAl, 
MICnOSCOI'Y NID S .E.H. 
Since both methods have limitations, it is important to 
interpret the results in the light of the two together. 
(i) !,imitations of Optical Hicroscopy 
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The I!XltWllllltion of thin sections to estimate the phase 
dimensions of blends can lea(\ to difficulties ill interpretation 
37 
since 0 section will not only contain full diameter crOSB-
sections of the particles, but also smaller chord sections 
which give an impression of smaller particles (Fig.2). 
section 
}
1hro1l9h 
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chord sections 
fig. 2 
~.'. 
This error can be lessened by cutting thicker sections· to 
reduce the number of 'bhord sections" in comparison with 
true sections. However, in practice, thicker sections 
result in poorer light transmission and a loss in resolving 
power. It is also. possible that the error could be 
eliminated by careful measurement followed by a complex 
mathematical analysis designed to ignore statistically 
improbable particle sizes. In this present work, however, 
the errors were substantially reduce(l by examining different 
section thicknesses of each sample, ancl 01 so by cnmpadng 
the results with particles revealed· in fracture surfaces 
by S.E.H. 
38 
(H) Limitations of S.E.H. 
The two chief limitations of S.E.H; were found to be:": 
(a) where interfacial adhesion is high, in which case the 
.dispersed phase is not clearly revealed on fracture 
surfaces. 
(b)' where the phase structure contains as","",etrical 
particles, or is, in fact, interpenetrating. In this 
case the fracture surface can give the appearance of . 
spherical particles which are in fact "ends" of 
elongated particles. 
~ .... 
In this work (a) was usually not significant since in· 
most cases the interfacial adhesion was low, ond (b) could 
be substantially eliminated by interpretation in conjunction. 
with optical transmission microscopy. 
2.5 HEAsmllHENT OF TENSILE STnESS-STI1AIN PROPEl1TIES 
A. Tensile Strcngth and Elongation at Dreru{ 
(i) Test Specimens 
Test specimens were D.S. Dumbell E cut from O.5mm 
compression moulded sheets using a die punch cutter. Ten 
specimens were used for each determination. Each sample was 
marked with 20mm bench marks, using ball-point pen ink, in 
order to measure elongation at break. !{here an obvious 
failure occurred, for example a jaw break or an obvious fault 
in the sample, the results for that spccimen were 
disregarded. 
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(H) Test Instrument and Conditions 
TIle tensometer used for the determinations was an· 
Instron Universal Testing Machine, Model TT-CH, fitted with 
load cell Cn!. The instrument was fitted with pneumatically 
operated jaws. 
Test Speed 
Ini tialJm( Sep·"ration 
Chort Speed 
Test Temperature 
= 
= 
10mm/min. 
40nnn. 
20mm/min. 
23°C (50"/0 relative humidity) 
A slow testing speed was selected in order that samples 
. which failed at v.ery low strains could be measured;·accurately 
within a reasonable time scale. The pneumatic pressure on· 
the jaws was set to prevent jaw slip, but to I{eep "jaw 
breaks" to a minimum. The test specimens were conditioned. 
for at least seven days at 230 C (5~~ relative humidity). 
(Ui) Procedure 
The thickness of each test sample was measured to 
O.OOlmm in tllree places, using a micrometer, and the results 
were averaged. The sample was then placed centrally in the 
jaws and tested. The elongation'ot break was measured using 
a flexible rule calibrated to read percentage extension 
directly from the bench marli:s. 
(iv) Hesults 
Elongation at break Was recorded directly and expressed 
as percentage elongation. 
Tensile strengths at "break" and "yield" "ere 
calculated by recording the approprinte values directly 
( 
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from the chart recorder and dividing by the original cross-
sectional area of the sample. 
T.S. = Lla where 
T.S. = Tensile Strength 
L = Load (Kg) 
8 = Original cross-sectional area of the sample 
The results were then corrected to S.I. units (~lN/m2). 
Average yield stress was calculated in a similar manner, 
except that the load value was taken as the average of the 
values at C and D in' Fig. ). 
. . 
The results .. from any samples which exhibited abnormal 
behaviour, usually due to a flaw etc •• , we·re discarded. The 
appropriate results for each batch of samples were averaged. 
to give the quoted value. 
III the CBse of specimens of blend materials, the results 
for tensile strength at yield were far more reliable than the 
resul ts for tens.ile strength at break. This is due to the 
fact that the inevitable flaws and weaknesses which occur 
in the blended material affect the ultimate tensile stl"ellgth 
rather than the yield value. 
. ' 
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c D 
LOAD 
EXTENSION 
fig. 3 ~-. 
v' 
Fig. 3 showg a typical load/extension curve for a 
. ·crystalline polymer. However, in the blends examined 
specimens frequently broke in the plateau region of the 
curve C - D. lfuere possible, the elongation at break and 
tensile strength at break results were calculated from. 
only those specimens in the series which did not fail 
. prematurely. Certain blends hod such poor mechanical 
properties that the specimens failed before a proper yield 
point (A) "as reached. In these cases, this was recorded 
as tensile strength and elongation at brea\(. 
B. Tensile Hoduli 
(i) Test Specimens 
. Test samples, 60mm x lOmm x l.5mm, were cut from 
compression moulded sheets using a die punch cutter. Three 
teat specimens were tested for each blend. 
(ii) Test Instrument amI Conditions 
The instrument used for these measurements was an 
Instron Universal Testing Hachine, Nodel TT-CH with load 
cell CTI-! (maximum capacity 50Kg) and on X-Y Chart Drive 
Pen Hecorder. The extension of the test specimen "as 
measured by an Instron Strain Gauge Extensometer, gauge 
length 25mm coupled to the recorder. 
Test Speed = 5mm/min. 
Initial Jaw Sepnration = 4Omm. 
Extensometer Gauge Length = 25mm. 
Extensometer/Chart Ratio, 
170 extension = 50mm chart travel. 
The test specimens 'fere roughened slightly wi th emery paper 
prior to testing to prevent slippage of the extensometer 
jaws. 
(iii) Calculation of nesul ts 
A typical load extension curve is shown in Fig. 4. 
Three possible moduli may be measured for materials. These 
are the initinf modulus, the tangent modulus and the secent· 
modulus. All three measurements are derived from the slope 
of the·stress-strain curve at low strains. 
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/' 
LOAD - - - - Secant Modulus 
- .. - Tangent Modulus 
0.0 % strain extension 
fig 4 
The initial modulus is taken as the slope of the 
initial part of the curve. 
The secant and tangent moduli may be quoted for any 
particular point on the initial portion of the curve before 
the yield point. For the purposes of this work, they were' 
quoted at o.8'}6 strain. 
C. Heasurement of Contraction Ratio for Nylon 12/JIDPE Systems 
. Theory 
The classical definition of Poisson's ratio for a material 
is that it is "the change in width per unit ,ddth dividcd by the 
change in length per unit length for a matcrial at low strains". 
AI, 
/ A~ 
-.s W = 
where ~ = Poisson's ratio 
A Iv = Decrease in width 
If = Initial width 
AL. = Increase in length 
L = Initial length 
.. 
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The above equation is, however, only true for small 
strains. Some workers (108) have rearranged and integrated the 
equation to obtain an expression which is true for larger strains:-:-
dW 
= 
'I' 
assuming Poisson's ratio is a constant, 
= 
, " (In L - In Lo) = In Wo - In W + c 
"'f In ...!!.. 
Lo ' 
= C - In 'I' 
Wo 
against In L will 
Lo 
have a slope of' .,....J • , . Thus, a graph of In II' 
Wo 
If the assumption that Poisson's ratio is constant over the strain 
range' is false then a curve instead of a straight line ,'ill reeul t. 
Denham and HcCranunond (109) have drawn attention to the 
confusion eXisting over terminology, in that Poisson's ratio, as 
originally defined for metals and other isotropic materials, is 
essentially time and stress indepcndent. However, where a. material 
is particularly time and/or stress dependent, as are most pol~neric 
materials, the value of.thc ratio obviously varies depending upon 
the particular experimental condi tiona chosen. Denham and 
HcCrammond therefore suggested ,that in these cases the ratio should 
be termed "contraction ratio". The Poi&son's ratio of a polymeric 
material would therefore be equal to the instantaneous contraction 
ratio. The term contraction ratio'will thus be used in the 
present work. 
The method adopted for the measurement of contraction ratio 
was a modification of the classical method for the determinstioro 
' ... 
of Poisson's ratio. That is, the change in late-ral dimensions 
of a sample wns messured as it was extended.-
(ii) Test Specimens 
Test specimens used for these determinations were 
D.S. Dumbell E samples cut from 0.5= compression moulded 
sheets. Three samples for each blend were tested. Each 
specimen was marked wi th_ five bench marks in ball point 
pen ink at 5= intervals along the neck of the dumbell. 
(iii) Test Instrument And Conditions 
The test instrument \faS an Instron Tensometer Model _ 
TT-CH fitted with load cell CTH. 
Test Speed = 2nun/min. 
The dimensions of the test piece were recorded 
photographically using a 35mm camera (Asahi Pentax 
Spotmatic) fitted with a 135mm Telephoto lens on a V.mm 
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long extension tube. The camera was-mounted horizontally 
on a tripod approximately six feet in front of the test 
specimen. This arrangement with a telephoto lens was used 
to minimise parllllax errors and distortion. Photographs 
were taken at regular-intervals throughout a tensile test. 
A metric scale was mounted beside the tensometer jaws in 
line \dth the specimen. It was placed in such a position 
thot it would be included in each photograph as a reference 
length. _ Approximately fifteen photographs were taken per 
test. The film (Uford Pan F) was developed in Kodak 
DB contrast developer (two minutes at 20oC) and selected 
frames for each sample were mounted in glass-faced projector 
slides. 
• 
4b 
(iv) Calculation of nesults 
The slides from each test specimen were projected 
onto a screen and the distances between bench marks and the 
widths of the specimen were recorded. The linear scale 
mounted beside the sample was used to check that the 
magnification had not changed between successive photo-
. graphs in a series. The normality of the projector be~m 
to the screen was checked by the projection ofa photograph 
of a grid pattern. Five bench marks were used on each 
test specimen so that dimension measurements could be made 
at. different points on the specimen ,{hilst it ,(as ?ecking. 
The absolute dimensions were not required since the' . -. ' 
calculation involved only ratios; correction for magnification 
was therefore unnecessary. 
From the collected data· a graph of log If against 
Ifo. 
log ~ was plotted for each set of results and a straight 
Lo 
line drawn through the points. The contraction ratio was 
determined from the slope of the line. 
Contraction ratios were determined in this manner for 
Nylon 12 and blends of Nylon 12 wi th up to 40"). UDPE. 
Determinations by this method could not be made for blends 
having more than 40)& IIDPE since the samples failed before 
any measurable change in transverse dimensions had taken 
place. 
,. 
I. 
! 
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2.6 ~IEASUHEHENT OF SIlEArt STHENGTII 
(i) Test Specimens 
The specimens for this test were strips approximately· 
60mm x 20mm x 1.5mm.; one strip for each material was 
required. Shear strength tests were carried out at 
intervals along the length of the strip. 
(i1) Test Equipment and Conditions 
The test equipment consisted of an Instron Hodel TT-CH 
fitted with load cell FH (range 0-1.00Kg). The punch and die 
jig for shear strength was fitted to the instrument. 
Test Speed = 0.5mm/min. 
Chart Speed = 100mm/min. 
The depth of the specimen was measured to the nearest 0.01mm. 
(Hi) l'rocedure 
The specimen was plsced upon the die in the test jig 
and the instrument advanced until the punch was just in 
contact with it. The test then proceeded as the punch 
penetrated the ssmple. The load required for penetration· 
was recorded on a chart recorder. Each specimen was tested 
three times at intervals along the strip. 
(iv) Calculation of nesults 
The shear strength was calculated from the maximum 
load required to penctrate thc sample as follows (110):-
Shear Strength, S = Haximum ·Load 
Shear Area 
where shear area = circumference of punch x specimen thickness 
= 19.95 x specimen thickness (mm2) 
The shear strength was '4uoted 8S tIle ar! tlm.etie mean of 
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three results. The· maximum deviation ot an~ result from. 
the mean wa s 2.49&. 
(v) Estimntion of Shear Hodulus 
The shape of a typical shear test curve is shown in 
Fig. 5. It was felt that an estimation of the shear modulus 
might be obtained by measur"'m~nt of the slope of· the initial 
shear stress/str·ain curve. It WIIS appreciated that an 
absolute value for the shear modulus could not be obtained 
by this method, due t.o the necessary clearance bet"een the 
punch and the die. However, it was considered thai; the. 
value obtained would be a function of the shear mo·dulus ,G, 
of the material. The results of this measurement may be seen 
in Table It. As can be seen, no relationship emerges Ilnd 
the scatter is excessive. There was a variation between 
replicate results of up to 107~ of the inean value. This 
would therefore not appear to be a suitable method for 
ossessing shear modulus. 
STRESS 
STRAIN 
fig. 5 
· 
THE HEASUREHENT OF IHPACT STltENGTIT 
The Charpy Impact 'strength of blends was measured using 
a IIoundsfield Plastics, Impact Testing Hachine. This instrument. 
is primarily designed to measure :the work done in breoking a 
notched test piece. The work indicates the resistance ',hich a 
material can offer to stress concentration .. 
A series of interchangeable pendulums are available 
with a range of initial stored energies from 2.71 J (2ft. lbs.) 
to 0.0"2 J (1/32 ft. lb.). To avoid the calculation of the impact 
" strength from the' energies the dial is graduated backwards to 
give a direct rending of the impact strength for the 1.355 J 
(1 ft. lb.) pendulum. The corresponding impact strengths for 
.' ' 
other pendulums are obtllined,from conversion tables. 
It 'is an accepted fact that the value obtained, for the 
i,mpad strength of a material depends on the dimensions of the 
test pieces and that in notched impact tests corrections cennot 
be made for 'samples of widely differing dimensions under tl1e. notch. 
For this reason the dimensions of the test pieces were controlled 
·00' accurately as possible but for uniformity of resulta, 'slight 
variations in cross-sectional area were partly corrected for"by 
quoting the results as Impact Strength per Unit Area under the 
notch •. (Y,J/m2). 
(ii) Test Specimens 
The dimensions of the test specimens were as follows:-
I 
50 
... oo!!'---------1.15 in.:--------",;:.;:.. 
0.1875 in. 
1 0.75 In. 
~ 
0.010 in. radius 
fig. 6 
Since the machine was designed in imperial units, the 
" dimensions have been given in the same. Results ,are, 
however, converted into S.l. units. 
For each material examined ten replicates ,were tested 
and the results averaged. The reaul ts from specimens in 
which any flaws were apparei1t in the fracture surfaces 
were disregarded. 
2.8 TIIE DE'rEHHINATION or' DENSITY 01' POLYHIm DLENDS 
The specific gravity bottle method of density determination 
was employed, using "white spirit" as a suitable immersion liquid 
since it had negligible swellinr, effects on the materials concerned. 
The determinations were carried out at 250 C using 10ml capacity 
S.G. bottles and approximately 2g of polymer in the form of cut 
chips of compression moulded sheet. Determinations for each 
polymer blend were carried out in triplicate. 
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2.9 TIIEIt:-IAL ANALYSIS : THE ASSF,sSHENT OF CRYSTALLINITY BY 
DIWi:i1ENTIAL SCANNING CALOltHllmW 
Differential,ScQnninll; Calorimp.try (n.s.c.) W!lS used t.o 
assesll the effects of blending on the crystallinity and the thermal 
properties of the! components. 
The instrument used was 0 Du Pant D.T.A. 900 fitted with 
a n.s.c. cell. All experiments ,.ere carried out ulId.!r 8 nitrogen 
gas flow of '0.3 litres per minute to' avoid oxidativc d,egradntion 
above the mel titl~ poi nt of tht: vo1ymel's.. The pr~~cisc condi t5.011B. 
employed for the experiments, that is, the rate of heating, 'sample 
weight and sensi tivi t.y of the instrument, vere varied for' 'different 
series of experiments dependinr, Oll differing requirements. 
However, for all compar>ltive work 'the conditions Were kept as 
constant as possible. All test. sornp] es were euclosed in aluminium 
pans with lids but not sealed. 
Temperature Neasuremc,nt 
The temperatures of transi ti.ons were obtained frf)m the graph output 
and corrected. for the non-linearity of Cl!romel-Alumel thermocouples 
,* •• 
using standard t.ables. 
Peal: Area Hcasurement 
The area of the peol<s was measured b~' drawing a base line 
under the peak and measuring t.he area by either "counting equares" 
or tracing onto tracing paper, cutting out and weighing. 
The positioning of the bnse line occasionn lly present,s 
problems with polymers in that it may appear to change during a, 
transition. For the initial work the baselines were drawn by 
extrnpoloting the portion of the grapl-. below the transition tempera"Lnr 
'. 
o In later work the trace was continued for a furtl.ler 30 C 
above the temperature of the transition and the bas!, line 
extrapolated backwards from the higher temperature. 
-
- - 7---~~--~ - --~-----
, . 
The latter method "as found to give more consistent results 
for varying peak sizes Ilnd also gave results for heats of fusion 
which "ere in good agreement "ith the literature values. The 
change in method of measurement accounts for the lo"er results for 
n obtained in the earlier work. Ho,{ever, the results for 
"crystallinity index" (see p.53) "ere found to be little effected. 
It "as impractical to recalculate the earlier "ork since the 
traces had not been continued for long en~ugh beyond the Nylon 12 
fusion endotherm to allow a sui table base line to be c1rll\<ll. 
In all accurate work involving the measurement of peak 
areas, the Du Pant directive that the sample and the reference pans 
should be reversed in the instrument ."as followed. 
Comparison of Peak Areas and Heats of Transitions 
The equation quoteri by Du Pont to calculate the heat of 
transition (4U) from the pen\( areA is:-(111) 
where 
All (mcal/mg) = E x A xATs x Ts 
H x a 
E = Calibrntion Coefficient m cai;OC-min. 
A = Peak area in sq. ins. 
4 Ts = Y axis sensitivity °C/in. 
Ts = X axis sensiti~ity °C/min. 
H = Sample Hass DIg. 
a = Heating Hate °C/min.· 
This equation is for single component systems; for multi-
component systems it may be corrected to:-
AIl 
(for either component) 
= E x A .x ATs x Ts x 100 
Hxax',{ 
where \( = percentage weight of ·the particular component 
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In order to compare the crystnllinities of the components 
in various blends, the "crystallinity index", (C.l.) for each 
component is defined 8S:-
C.I. = All blend component) 
All Ullblended polymer) 
The calibration coefficient, E, was determined from a 
calibration curve ,obtained l,y measurement of a range of standard 
meta 1 samples for wbich heats of fusion are accurately known. 
Hercury, gallium, indium, lead Bnd tin were used. 
'. 
• 
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CHAPTER 3 - BI»'DS OF NYLON 12 \\'lTll llDPE 
3.1 INTlWDUCTION 
, 
The preparation of blends of Nylon 12 and llDPE was first attempted 
by precipitation from a common solvent. This method was found to be 
unsuccessful and therefore two series of blends of Nylon 12 snd IIDPE 
were produced by melt blending. 
The first series, Series A, was produced in order to determine 
the optimum Brabender Plastograph processing conditions for the more 
complex series, Series B. No measurements of physical prop~rties were 
made on the former series, only the determination of phase structure 
by transmission miscroscopy. The optimum conditions so determined "ere· 
employed for all further blending. 
Blend Series B consisted of a comprehensive range of blend ratios 
upon which all physical property determinations were based • 
. MATERIALS SELECTED 
Nylon 12 
The grade of Nylon 12 selected for this· evaluation was a high 
·viscosity, injection moulding rold extrusion grade, supplied by HUls -
grade Vestamid L 1901. A high melt viscosity grade ,~as chosen to give 
a similar viscosity to the HDPE, thus facilitating the blending of 
the two. 
The Nylon 12 was characterised by a relative solution viscosity, . , 
(Tt] , of 1.9, measured in 0.5% w/v solution in m-cresol using an 
Ubbeloh~ No. 2 viscometer (DIN 51 562). 
The manufacturer's specification for this polymer states that 
it contains no additives. However, upon subsequent examination of its ". 
" 
55 
crystallisation, it, was observed that the spherulite size obtained,was 
, far smaller than that obtained from other grades of Nylon 12. The', 
incl~sion of a nucleating agent was therefore suspected. The'examina-
tion of acetone and chloroform extracts of the polymer by infra-red 
,spectroscopy failed to reveal the presence of any extraetdble material. 
The nuclei of the crystallites in a thin film of the polymer were 
therefore examined by electron diffraction techniques; these again did 
not reveal the presence of any foreign crystalline material. It would 
therefore appear that despite the small spherulite size of this polymer, 
it contains no crys~alline nucleating agents. 
High Density Polyethylene 
The grade of IIDPE used for this work 'faS a Ziegler-polymerised 
polymer, grade 60 - OO~, supplied by Shell. 
The material was characterised by a Helt Flo'f Index of 0.~g/10 mins, 
and a density of 0.96g/ml. It contained only traces of a standard 
antioxidant. 
).) THE P.HEPARATION 01" BLENDS OJ,' NYLON 12 AND IIDPE 
(1) Solubility in a common solvent 
A series of experiments was carried out in an attempt to find a 
common solvent for Nylon 12 and llDPE. Eventually, three common solvents 
were found; these were m-cresol, sym-tetrachlol'oethane and 
o-chlorophenol. All three would dissolve both Nylon 12 and IIDPE,alone 
at concentrations of at least 2% (w/v) at temperatures in excess of soDe. 
Since o-chlorophenol was the least hazardous of the three, attempts were 
made using it to prepare a solution of both polymers by mixing individual 
solutions. A homogeneous solution could not be obtained at a practical 
concentration due to precipitation on mixing. A solution Which had ,the 
appearance of homogeneity was obtained with a total polymer concentration 
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of less than 0.1% (w/v). However, at these concentrations it was' 
difficult to observe whether precipitation or phase separation'had 
occurred. Attempts, wer") made to Mst films from the dilute sol'.ttion 
on to the surface of mercury at 1000e. Phase separation occurred during 
the removal of the solvent by vacuum and this resulted in a film with 
an, obviously rough surrace alld very poor physical properties. 
The prepaiation of blends by mutual coprecipitation was considered, 
but was not pursued because of the unlil:elihood of both polymers 
precipitating at similar rates. 
Effort was therefore concentrated on producing blends by melt 
processing tecbniques. 
, 
(ii) Preparation of Blends by ~lelt Processing 
a. Mixing Temperature 
The effect of mixing temperature on the phase structure of the 
blends was investigated by the preparation of,a series of four 
blends containing 90% Nylon 12 and 10% IIDPE using the Brabender 
Plastograph with the mixing chamber set at 1900e, 2000 e, 210°0 and 
>,,"2200e respectively. A mix~ng time of te~ minutes was adopted for 
all the blends. The unmoulded bl,ends were sectioned Olld e:u.mined 
by optical transmission microscopy using phase contrast. 
, , , 
The blends produced at 190°0 had a wider spread of irregularly 
shaped particles and a larger range of particle sizes than did 
the blends produced at 200°0 or 210°0. The blend mixed at 220°0 
again had a wider spread of particle sizes. ° 200 e was therefore 
chosen as a suitable temperature for the mixing of blends for 
further examination. 
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It was of interest to note that the torque values recorded for 
the two component polymers on the Brabender Plastoaraph were, very 
similar at temperatures of 2000 and 210°, thus indicating 'that 
they "ere of comparable melt viscosity. This is in line with the 
work of WaIters and Keyte (112), who reported that for elastomer 
blends the zone size is a function of the viscosity of the 
individual components and that matched viscosities product 
optimum dispersion. 
:1>. Hixing Time 
The effect of ~ixing time on the phase structure of the blends 
was examined by the llreparation of a series of blends, ,containing 
, 
90% Nylon 12 and 10% IlDl'E, mixed for ),'5,7,9, 12 and 15 minutes 
respectively at 200°C in the Brabender Plastograph. Samples' of, the 
unmoulded blends were sectioned and examined by optical transmissio 
microscopy. The following points were observed:-
The particle size of the disperse phase in this system is 
determined early in the mixing cycle (certainly by three minutes 
Particle sizes varied between l}lm and ~m, the average particl 
size being about 2Jlm. 
Increasing mixing time brought about two effects:-
Although after three minutes the average particle "'size 
stayed at about 2jUm, these particles, tended to ~ccur in 
clumps. Longer mixing times led to a breakdown of these 
clumps and to a better dispersion ?f particles 
~lixing times in excess of twelve minutes led to an increase 
in the number of particles of size ~m and below, presumab: 
due to the breakdown of larger particles. 
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(iii) Compression Houlding 
The effect of compression moulding on the phase struc ture of. the' 
blends was examined for a wide range of blend ratios, by sectioning blen( 
before and after compression moulding. The following conclusions were 
drawn from the results:-
(0) Blends in which the phases were not interpenetrating showed r.:.) 
no major changes in the phase structure on moulding. 
(b) Blends which were interpenetrating, or approaching this state 
~f dispersion, before moulding could change their state slightly, on 
'. moulding. This was mainly observed in Mends which were initially 
completely interpenetrating; after moulding one phase became' dominan 
'. 
and appeared to be continuous. (Plate 1) 
(c) Some moulded samples exhibited "edge effects" consisting of, 
swirl patterns" near corners of mouldings and the normally spherical 
phases pressed into ellipsoids at surfaces (Plate 2). Centres of 
mouldings, where physical test samples were taken, were substantially 
free from such distortions. 
(iv) The Effect of Remoulding 
In order to conserve materials, it was preferable to be able, in 
certain cases, to mould and test a blend and then remould it for furthcl 
testing.' Care was taken to only remould samplcs which had not been 
strained to any appreciable extent and whic)1 did not show excessive strl 
whitening. Hiscroscopic examination of sections of samples which under-
went up to three successive moulding operations showed no noticeable 
change in phase structure. 
;~ \ -, - :"'. ~". 
EFFECT OF COMPRESSION MOULDING ON AN INTERPENETRATING BLEND 
• 
(BLEND B8) 
TRANSMISSION MICROSCOPV'-> 
UNMOULDED 
25 pm 
/ 
COMPRESSION'MOULDED 
Plate 1 
EFFECT OF COMPRESSION MOULDING ON A 
DlSPERSE,PHASE BLEND ( BLEND BS) 
TRANSMISSION MICROSCOPY 
UNMOULDED 
CENTRE OF MOULDING 
CORNER OF MOULDING Plat. 2 
14 
12 
10 
.~ 
:El 
• o 8 
:li 
c 
MOULDING SHRINKAGE OF NYLON 12 - HOPE BLENDS 
o 0 
o 
'Jl . 
m 
"U 
" 
o ~ 
j 
c 
~ 
en 6 
4 
2 
0 
% NVLON 12 100 
%I·IDPE 0 
80 60 40 
20 40 60 
. 
" 
20 
SO 
o 
100 
60 
(i v ) M!'.lll.<!!'!lj~,Jlhrin1<I!~ 
.' An aSS3ssment of the shrinlmge of the p.>lyiner blends upon 
lnoulrlillg la &hown in Graph.1. These estimat"s "ere calculated frolli 
the average of three thickness measurements on the impact strength 
samples for each blend ratio and the nominal cavity depth of the mould. 
As car. be seen from the results, the trend is towards higher 
shriru<ages ,dth increasing llDI'E content. A maximum appears to be real)hed 
at apI)l'Oximately 75% IIDPE 25% Nylon 12, consistent wi th the "best-fi tit 
line as drawn through ,the points which, however, show appreciable s~at·~er. 
:5.'* 'l'lill PII~SE STUUCTUlIE OF THE Bl.EJo..'DS 
. , I 
From photomicrograph!! prepared by optical transmission photography 
~~d S.E.M., the phase structure of this series of blends was character-
ised both qualitatively and quantitatively. (Plates :5 and 4) 
r·t can be seen that for syst-ems containing up to 30% of a dispersed 
p!Jaee, (of e1 ilier polymer), the phase exists as substantially spherical 
particles in a "plum-pudding" type of blend. From the photomicrographs 
it is possible to obtain a r~asonably accurate assessment of particle size! 
fOl' the blends. The particle sizes of the blends with a liylon 12 
continuous, or matrix, phase show a nearly linear increase with il1creasing 
IIDI'E up to ;0% (Graph 2). The dotted line marked on the graph sho,,'s 
the expected theoretical relationship between particle size and blend 
raMo, 1'10t.tNl on the assumption. that the munl)er of particles per unit 
volume is independent of the ratio. From the close correlation between 
the experilllental particle size distribution end t.he theoretical relati{>!1-
ship, i t ~lould indeed seem reasonable that the blending procedure adopted 
led to the production of a ()Onstallt number of particles per unit volume 
of blend. 
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PARTICLE SIZE OF THE DISPERSE PHASE IN NYLON 12 - HDPE BLENDS 
30 
25 
20 
15 
10 
/ 
5 
«f ! h 
o ~/~ ______ ~ ________ ~ ________ ~ ________ -, ________ ~ 
. 100 80 60 40 20 ~ % NYLON 12 
o 20 40 60 80 100 % HOPE 
graph 2 . 
, 
" 
; 
PHASE STRUCTURE OF NYLON 12 - HDPE BLENDS 
\ 
TRANSMISSION MICROSCOPY 
10% HOPE 
90% NYLON 12 
20% HOPE 
80% NYLON 12 
30% HOPE 
70% NYLON 12 
40% HOPE 
60% NYLON 12 
50% HOPE 
50% NYLON 12 
/ 
PHASE STRUCTURE OF NYLON 12.HDPEBLENDS 
, , . 
60% HOPE 
40% NYLON 12 
70% HOPE 
30% NYLON 12 
80% HOPE 
20% NYLON 12 
90% HOPE 
10% NYLON 12 
· FRACfURE SURFACES OF NYLON 12 - HDPE BLENDS 
Plate 5 
SCANNING ELECTRON 
MICROSCOPY 
10% HOPE 
90% NYLON 12 
25)1m 
20% HOPE 
80% NYLON 12 
30% HOPE 
70% NYLON 12 
40% HOPE 
60% NYLON 12 
50% HOPE 
50% NYLON 12 
FRACTURE SURFACES OF NYWN 12 - HOPE BLENDS 
SCANNING ELECTRON 
MICROSCOPY 
. 60% HOPE 
40% NYLON 12 
25,pm 
70% HOPE 
, '. 
30% NYLON 12 . 
80% HOPE 
20% NYLON 12· 
90% HOPE 
10% NYLON 12 
I 
.0- ,,' 
62 
For blends containing between 30 and 70% IIDPE, the structure is 
seen to change from consisting of essentially spherical dispersed 
particles, through elongated particles, to an interpenetrating system 
at Ilrp:rc=~-~.tl":. 50%. !IDPE, r..ft.er which phD,so inversicn td:ef! pla<:e t::::! 
the disperse phase again changes through elongated particles to the 
essentially spherical dispersed system at 70% IIDPE; In the interpenetrating 
blends at about 50% iIDPE, spherical inclusions of one phase ",ay be seen 
within the elongated structures of the other phase. 
The relationship between particle size and blend ratio for blends 
containin:;: n:ore than 70:~ JIDPE is not as linear as the relationship below 
30% IIDPE. This is probably due to the presence of occasional, large 
irregularly-shaped particles of Nylon 12 which have been observed 
dispersed in the system .along with the nO,rmal spherical inclusions. 
Repeat batches of certain blend ratios were prepared and checked 
,at various intervals, and showed surprisingly good reproducibility of 
particle sizes of dispersed components. 
An examination of the photographs produced by S.E.M. of blends 
fractured after cooling in liquid nitrogen indicat.e a lack of adhesion 
betlieen the phases.(Plates 5 and 6). In fact,the act\tal photographs 
bear a distinct resemblance to those produced by Smith, Kermish and 
Fenstermaker (114) in S.E.H. examination of fracture surfaces of epoxy 
resin filled with glass beads treated with a parting agent. Such a clear-
cut boundary bet"een phases indicates t.hat there is presumably no 
"compatihili ty" or molacular intermixing bet"een cOl:lponcJ:ts, even on a 
limited scale, in the amorphous regions. 
'i' 
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3.5 TENSILE STllESS-STRAIN PROPERTIES OF THE BLnIDS 
I • 
The results of the tensile stress-strain tests are shown in Table 3 
and summariseo in r;r~r,hs :5 and~. As hA"~eh~ee"dy: been ",cnti~n,cd. i::: :-:11 
the materials examined, with the exception of the straight unblended 
polymers, tensile strength at yield results were far more reproducible 
than the tensile strength at break or elongation at brealt results. This 
'appears to be due to the weaknesses and faults causing pren~ture tensile 
failure. For this reason the results quoted for tensile strength at breal< 
and elongation at brerut of the blend catcrials are the averaged results 
of those samples judged not to have failed prematurely rather than the 
average of all the replicates. The premature failure rate was as high 
as 50% for some blend ratios. 
An interesting unusual observation made during the tests was that 
once an appreciable emount of stress had been applied to the samples in 
every case, except for the unblended polymers, the stressed aren whitened. 
In the unblended polymers the stress area remained translucent. Whitening 
occurred with as little as 5% of the second' polymer blended. It was 
thought to be due to the formation of voids initiated by the dispersed 
particles. 
From the graphs of tensile strength and elongation at brerut against 
blend ratios, it can be seen that the results divided naturally into 
three areas, each characterised by the shape of. the stress-strain curves. 
Area 1 100% Nylon 12. b% lIDPE to 6Q% Nylon 12. 110% HDPE 
The shapes of the stress-strain curves at the extremes oftbis area 
are sho~n in Graph 5. A and "B. The characteristics a~e a clearly defined 
yield point, leading to a plateau "hilst necking and drawing take place and 
tenninating by an increase in strength to brerut. As increasing amo\mts 
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TENSILE STRENGTH OF NYLON 12 - HDPE BLENDS 
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of IIDI'l!! are blended with the Nylon 12, the overall strength of the 
material deCl'casas anu the yield and failure points become less pl'Omil1Cn~ 
The elonW:ltion at break also decreasos. It: ",as noticed that in addition 
to the above effects the change in width of the. test. sample on dl'awing 
. decreased as the amount of IIDPE in the blend increased; this 
observation led to the decision to measure the contraction ratio. 
Area 2 60% Nylon 12. 40% FIDPE to 20% Nylon 23. 80% llDPE 
The st.ress'-st.rain curve of materials in this area is typified 
by Graph 5, e, that is, the material fails before a yield point is 
reached. The visual appearance is that of a cheesey material wllIch is 
easily split and delaminated by physical handling. 
. .•. 
Area 3 20% Nylon 12. 80% llDI'l!! to 0% Nylcn 12, 10o;t,IIDPE 
The shape of the stress-strain relationsllips in this area are 
shown in Graph 5, D and E. A characteristic of the curves ill this 
area is the high hield and failure strengths· compared with the average· 
draw strengths. As can be seen, increasing amounts of Nylon 12·in the 
lIDPE do not significantly affect the tensile strengths at yiaId or break 
but dramatically reduce the elongation at break •. 
Interuretation of the Tensile Properties of the Blends 
The existence of three distinct areas of behaviour in the relation-
ship between the stress-strain properties and the blend ratio, and the 
poor physical properties in the region of the 50 ; 50 blend where the 
phase structure is interpenetrating, indicate that the interfacial 
adhesion between the components is very low; this has been confirmed 
.by the S.E.M. examination of fracture surfaces. This suggestion would 
mell"" that any stress in a sa.'Ilple would be primarily borne by the ..• · 
continuous phase, the disperse phase contributing little to the physical 
strength of t.he lllend. The graph of tensile strength against blend 
ratio (Graph 3) "as therefore replottad, taldng into account i·he 
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effective load bearing area of the continuous phase, to give Graph 6. 
The yield, rather 'thl<tl i;ile break, value .. for tensile strength "el'e lll<ottl 
since they bear mOl'C relationship to the load-bearing properties of the 
material at low deformations. The near lineari t.y of the replotted 
curve indicates that the assertion that the whole of the stress in borne 
by the continuous phase is substantially true. 
3.6 ~!LE HOTJUL! OF BI.t:NJ)~ 
The results of the tensile moduli measurements are shown in Table:3 
and sUlllillarised in ~raph 7. The method adopted for this measurement gave 
results with a large vadance bet,~!?en replicates (up to 12%). ',As Cfln 
be seen from the graphs, there is a fairly ,dtle scatter of results 
although linear trends may be implicit in accordance with the line 
indicated. 
For initial modulus the trend is towards increasing valu.es ~.1th 
increasing IIDPE content, although a deviation from linear behaviour, 
'in accordance with the dotted line, may have been expected. The secant 
modulus shows little change with blend ratio and the tangent modulus 
shows a tendency to decrease with increasing HOPE cont.ent. These 
trends reflect a gradual change in the shape of the initial portion of 
the stress-strain curVe as the percentage of HD}~ increases. For HDPE 
alone, the initial slope of the stress-strain curve is steeper than that 
for Nylon 12 alone, but the rate of decay of the gradient is fast~r 
(Figure 7). Blends are intermediate between the two. 
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It would perhaps be expected that phase inversion from 'one 
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continuous phase to that of another llolymer would show as a discontinuity 
in the modulus/blend ratio curves. The fact that no discontinuity is 
apparent is probably due to the scatter of results and the moduli of the 
t"o phases being of similar magnitude. 
Because of the scatter of results and the poor reproducibility : 
of the tensile modulus measurements, routine measurements on subsequent 
blends were not made. 
'.7 CONTlti\CTION HATIO OF llLmmS 
The results of contraction ratio measurements are shown in Table ,. 
and summarised in Graphs 8 and 9. 1/ith the exception of the result for 
blend ll7 (40% llDPE) , the results for the replicates of each blend ratio 
were reproducible to within 5%. The result for blend B7 is less accurate 
because the low elongation and small change in the transverse dimensions 
of the sample made the construction of all accurate graph of log 11/1VQ 
against log L/Lo difficult. The plots of log W/I{o against log L/Lo for 
each blend are shown in Graph 8. It would appear from these results 
that the procedure adopted for the measurement of contraction ratio is 
Log ~-1 
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potentially a good method, Ilnd is probably accurate to ,dthin 2%, for 
. crystalline polymers. However, the use of this method for highly 
crystalline polymers has the inherent disadvantage that whilst the 
polymer is "cold-drawing" no measurement of W/l/O is possible. This. 
means that graphs of log li/~lo against log L/Lo consist of points 
clustered at extreme values of log L/I,Q with no points in beh{een. 
This is illu~trated in the log-log plots for blends Bl - B~. In the 
blends where extension takes place with little'necking on cold drawing 
a much more even distribution of aXI,e rim ental points is obtained - as in 
the log-log plots for blends B5 and. B6. On the log-log plot for B6, it can 
be seen that in the later stages of extension the points deviate from a 
'straight line, thus indicating that the contraction ratio is deviating from 
a constant value. . 
From the graph of contmction ratio against blend ratio (Graph 9) 
it can be seen that the addition of more than 5% UDPE to the Nylon 12 
reduces the ratio drastically. It is proposed that this reducti~n is 
due to the formation of cOlle-shaped voids around the dispersed lIDPE phase 
in the direction of stressing. (J,'igure 8). This lliechanism has been 
previously proposed for certain polymer-filler systems (115). 
. HOPE 
Disperse Phasa . 
Direction of 
Stress .. 
CONE-SHAPED VOIDS 
fig •. 8 
- , 
The value of the contraction ratio falls as the concentration 
of IIJ)PE increase-s, presumably beoause the larger particle sizes 
of the disperse phase cause a. larger cone-shaped void formation. 
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Smi th (115) sho"ed that a similar variation of 1'oisson I s ratio occurred 
with plastiCised PVC filled "ith glass spheres. 
:5.8 Tm: SllliAIt STltr.KGTH PnOPER1'IES OF BLbJ"IDS 
The results of the shear strength tcsts are sho~ in Table I; -
and summarised in Graph 10. The reproducibility of this method "as 
good, despite the fact that it is much simpler than the nonnally used 
method (AS~I-D.7J2-1;6 (1961». No results varied by wore than 2.4% 
from the mean for the replicates within the batch. 
As can be seen from Graph 10, the shear strength decreases linearly 
~~th increasing concentration of HDPE up to blend nll (25% Nylon 12, 75% 
HDPE). At this point there is a sudden inflection in the relationship 
and -the shear str~ngth incl'eases linearly up to 100% HDPE. At the 
present time no mechanism has been suggested to account for this 
_behaviour. 
The attempt to assess shear modulus as a function of the shear 
strength curve is sho,,'ll in Table 1;. From the scat'ter of results it 
would seem that ei thcr there is no simple relationship or 'that the shear 
moduli of the materials are extremely variable. 
'.9 nn'.ACT STm;;NG'l'll Ol" 'I'llli BlD<'DS 
The results of the notched impact testing of the blends are shown 
in Table I; and summarised in Graph 11. 
F!.'om the graph it cun be seen that the addition of as li'ttle as 
5% Nylon 12 to the IIDPE reduces its impact strength dramatically. This 
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is in direct contr3.st to the addition of 5 - 10% BIirn to Nylon 12,' 
which increases the impact of the blend significantly (up to 75%). 
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Reasons for Lhi s behavious ai'a iii&(\Ullsecj ill Sl)fde uetail latel' 011 in 
this chapter. 
3.10 DENSITIES OF BLElmS 
The measured densities for the series of blends are sholm in 
Table 5. Also shown in the table are the volume ratios of the polymers 
and the thcurctical uellsities calculated by assuming the additiygy of 
volu11le~. 
: .. - . 
As can be seen from the table and Graph 12, the blends cont~ining 
-. 
o - 50% IlDPE show considerable deviation from the theoretical densit.ies. 
It has been postulated that this decrense in experimental density is due 
to the formation of voids ldthin tbo blend, caused by the crystallisatiol 
of the IlDPE disperse phase wHh consequent volume change after the Nylon 
12 lUatrix has solidified. The initial portion of the curve, AB, alJpro::d· 
lUates to,a straight line as t~e void constant in~rease9 linearly with 
the IlDPB content. This part of the curye may be justified 'mathcmnHcall: 
by calculating the volume change of the IIDPE betlieen its molten and soli 
states. If this curve is extrapolated to the 100% IlDPE axis, the eCllsit: 
value at the intercept should be the dellsi ty of the mol ten IlDI'E at 
approxima,te1y the temperature of crystallisation of the Nylon 12. 
The value at the intercept is 0 density of 0.775 Wrll. This is 
equivalcnt to a specific volume of 1.29 IUI/g. Mteratllre valucs for 
the specific volUme of TIDPE at elevated temperatures o1'e:-
C. Chung 
H. J. Hichardson et 01 
B. ~!. Terry e'~ a1 ~ 116~ 117 118 
160°C 190°C 220°C 
1.2867 
1.2929 
1.2826 
1.3137 
1.3192 
1.3109 
1·3q18 
1.3q56 
1.31106 
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The value of 1.29 ml/l!. is in very good agreement with the 
literature values for HDPE at about 1600C; which is the crystallisation 
temperature for Nylon ,12 at a rate comparable to press cooling (~able 6 J. 
Portion ~ of the density curve is where the phase structure of 
the IlDPE is large enough for the volume change on crystallisation to 
cause the sinking of the whole moulding as well as voiding. 
Portion CD of the curve is where the IIDPE is the continuous phase 
and is shrinking onto the Nylon 12 disperse phase. 
The void content, of the blends in the region oi'n, where maximum 
void ~_n!! "'''C"~O J.' 0 enn~c~J.'mntcl"" n nl,l") -,/,... ....... J.. _l. J.. ~ n d.:' ... tJ.-"","",f.l'" lo:--·"'~ 
- ... ,; .. ........ f .... J:'i:"" - - " ........... _ ....... b·· ............... " ... ~ ........ -" ...... '=' .... 
figure. There have been previous reports of relatively minor voiding 
.i in crystalline polymers. For example, Hatsuoka (119) h.as reported vo'id 
contents of about 0.01 ml/g in compression moulded }larlex IlDPE; this 
he attributes to shrinkage during the later stages of crystallisation. 
For polymer blends, discrepancies between theoretically calculated 
densities and the experimentally determined values have been known for 
some time. Aleksenko showed that density changes occurred in PVC/ 
,butadiene-VDC copolymer blends (87) and he also showed that :~ the 
experimentally detennined density is lower than the calculated density. 
lIe later developed this idea to give his "contraction coefficient" to 
assess compatibility (88). Kuleznyov (120) studied volume changes 
in mixtures of poly(methyl/methacrylate) with polystyrene and poly-
chloroprene, and latterly, Letz (121,' 122) has been studying density 
changes in PE/pp and PE/PVC syRtems in an effort to detect mutual diffusio! 
at the interfaces of ,the phases. 
The polymer mixtures observed by Aleksenko and !(ulexnyov were of 
1 
amorphous polymel's and' the changes in density observed were far smaller 
than those in the present work. The mixtures investigated by Lctz 
contained crystalline polymel's. lio~lcver, in both the systems he 
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examined, the lower meltJ.ng point llolyethylene was the matrix phaBe, 
'~ith either polypropylene or PVC as the disperse phase. The max1.um.m 
deviations of density observed for the rn/pp system were in the order 
of 0.006 gj~e and 0.01 gjee for the PE/PVC system. No doubt ir Lenz 
had exwnincd any systems with the lower melting point crystalline COlU-
ponent as the disperse phase, he would have observed larger density 
variations, comparable with the present work. The density variations 
observed for Nylon 12 dispersed in a matrix of IIDPE show a maximum varia· 
tion of 0.002 glcc. 
In oruer to check that the large densi ty ~'ariations .; bserved in 
blends B 2-7 were not due in part to crystallinity changes .. in either 
of the polymers, careful crystallinity measurements were made using. 
differential scnnning calorimetry. The minor variations observed 
in the crystallinity of the component,s did not correspond to the 
observeu density decreases Md hence did not aCCOll.'lt for t.his 
phenomenon. 
,.11 'IBrnH.~.L k'lALYSIS OF TIill BLljl,iDS 
The D.S.C. thermograt~g of certain blends were examined from 
o 0 
-100 C to 200 C. The existence of separate crystalline melting peakn 
for the coP'ponents in.dicated separate crystallisation la thout co"; 
crystallisation, as was expected.' An examination of the 10l'cr 
temperature end of the tJ,cl1uogra" revealed no indication of any glass 
transition which could be due to partialcoml'atibility in t.he amorphous 
regions of the blend. 
3.12 TllE ASSESSHE.~.Q.F CIlYSTALLINITY 01' nLENDS 
1!Jp't.Q.l Conditions: Sample weight os 10! 0.5 mg 
Heating rate o ' a 10 C per minute 
Sample traces are ShO',11 in Figure SA. From the traces peak 
temIJcratures liel'e recorded and the heats of fusion calculatec1. 'rh" 
re suI ts tlre shown in Table 6 and sUllImarised ill Graphs 13 and 1". 
82 
From the graph of peak temperature against blend ration, it can 
be seen that for both components the peak temperature increases wi th 
increasing concentr'ation of that component. The relationship bet,;cen 
crystallini ty index Md blend ntio shows a similar trend ... that is, 
increasing crystallinity with increasing concentration of that. 
component. ilol<cver, the scatter of the ,points is considerable. The 
scatter between replicate 9=ples was found to be up to' 5% lJot"ecn 
results. This error is prestunably partially due to weighing errors 
(accurate only to 1% at most) ,1\.:1d instrUll1ent errors. The area measure-
ment by "cutting out and weighing" l(ould appear to be sufficiently 
accurate. 
It has also been l'eilOrted many times that n;s.c. is very dependent 
on the previous heat histol'Y of the sumplc. Therefore, to combl\t errors 
due to differences in previous heat history, experiments were carrieu 
out ill which the sample was melted at 2COoC, held at, this temlJerature 
for thirty minutes and then the recrystallisationpeaks examined on 
cooling. From the heat of fusion (A U) measurements made in this 
manner, it is possible to calculate the degree of crystallinity of the 
polymer - providing that either A Mmple of 100}\ crystalline pol)"J!er is 
o. 
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available or a value for the heat of fusion of the 100% crystalline 
material is known (123, 124). 
'f Crystell.h1ity 0 H sllwple x 100 
= 6. Ji 10U~ crystalline 
material 
• 
Unfortunately, no literature value for the heat of crystallisation 
. of Nylon 12, is available, nor is the 100% crystalline material 
obtainable. ROliever, various references' give values for 100:;.1 crystallin 
HDPE. For example, \,underlich (125) gives a value of 68.4 cals /g 
(286.4 J/rJ. Thus, for the grade of HDPE used, Shell IIDPB 60-0011, a 
Ziegler type pol~~er, the percentage crystallinity is given by I 
'.', 
t~:~ x 100 - 83.1% 
Quoted literature values for the cf.!Jstallini ties of various commercial 
grades are :-
Harlex 50 
(Phillips type) 
Super Dylon 
(Zicgler type) 
Dum (LDl'E) 
(126) 
Thus the experimental results agree very well. 
B. The Heaeurement of the Crystallisation Exothermic Penk 
Conditions I Sample weight + 
- 21. - 1.0 mg 
. Cooling rate 
'0 i'he s!\Ir.ples were placed in the D. S. C. and held at 200 C on 
"isothermal" for thirty minutes to ensure complete melting and 
, eradication of the previous heat history. They were kept under a 
nitrogen at!llosphere whilst at elevated temperatures in order to 
reduce the risk of degradation. After thirty minutes they were cooled 
at 20 C per minute and the reerystallisation exotherms were recorded. 
From the trnces peak telOperatures were recorded and heats of 
crystallisation recorded. The results are shown in Table 6 and 
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'sUlllJl)arised in Graphs 15 and 16. 
The values of heats of crystallisation, all, of the components 
compare fnvcurably ,;i th the values dcter,uined for hcu·ts of fUoion 
but are not necessal"ily accurate since the calibration coefficient, E, 
used in the calculations, was derived from the calibration of D.S.C. 
cell for heating at 10°C/minute and may not be valid for conditions 
of cooling at ZOC/minute. However, this factor is eliminated by tbe 
calculation of crystallinity index, which is a ratio. 
F."OlU Grn.ph 15, it ,,!ay 1)0 seen that the crystallisation peak 
temperature for lIDPE is conBtant with changing blond ratio. However, 
.... 
an interesting effect was noticed for blends- With low concentrations 
of llDI'll. For blends' ,ii th under 20% the Imp.!!: recrystsllisaticn peak 
split into two, and for blends containing 20% and 25% n definite 
shoulder was noticed at the same position e.s the lower peal,. This 
effect will be discussed at greater length in Chapter 7. 
The peak temperatures for Nylon 12 may be seen from Graph 15 
to fall ,,1.th increasing concentration of Nylon 12 - the opposite trend 
to that shown by the fusion peaks :l:n Graph 13. By comparing the 
results obtained for the temperature of the crystallisation exotherms' 
with those obtained for the fusion endotherms, bearing in mind the 
differing rate conditions, all estimate for the degree of supercooling' 
of the Nylon 12 in the blends may be obtained. 'from Graph 17 it lllay 
be seen that where either component forms the matrix phase, then the 
degree of supercooling of that component is at a near constant level; 
where thc component is in an interpenetrating blend or forms the 
disperse phase then the degree of its supercooling is reduced. This 
reduction of supercooling indicat.es that either the restriction of tbe 
disperse phe.se by a matrix, er the reduction of the bull, dimensions of 
that phase to below about 30-fPll, results in an increase in nucleation. 
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The measurement of the crystnllisation endothenn for llDPE showed 
greater cunsistency of results than did the measurement of melting 
endotherrus. As can be seen, the crystallinity of the IIDl~ phase 
increases with increasing amounts of Nylon 12 and this increase is 
maintained until the blends contain less than 20% llDPE. It is at these 
blend ratios that the split in the cryst"}lisation peaIt is observed. 
The g:'cph of blend ratio against crystallinity index for Nylon 12 
again shows consistent reslllts, with litt!'c scatter, wltil the Nylon 12 
content is. below hO%>. Then the crystallinity is reduced and the 
results become erratic. An interesting inflection in the curve is 
noticed at 10% llDPE 90% Nylon 12. This is in a similar pos'ition to the 
inflections in the impact strength and contraction ratio against blend 
ratio graphs. The inflection is equivalent to approximately an 8% ehang. 
in An, "hich is not likely to be more than a ~~ change in the overall 
degree:,of c:,ystallinity of the Nylon 12. It is therefore unlikely 
that this change in crystallinity is alone responsible for the increase 
in impact strength. 
3.13 DISCUSSIO~ 
As waS expected from solubility parameter considerations, Nylon 12 
and lIDPE were shown to be incompatible by a wide range ofstanc!ard 
teclmiques. rrom the evidence amassed it would appear that the polymeI's 
are not even compatible 01~ a very limited surface interfacial scale, as 
to) as proposed by Voyutskii (127) in his theories of adhesion bet,,.een 
polymers. However, a nwnber of interesting points arose from this initia 
investigation. 
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(i) Perme"bi 1i ty of the lllctld!, .• 
One of tLe JlJajol' claims made by the Continental Can Company in 
their Daries of patents for the blends of nylons and polyolefins, was 
the decrease in permeability to hydrocarbons of polyolefins on the 
addition of nylons and the decrease in water absorption of the nylons 
on the addition of polyolefins; The permeability to organic liquids 
was assessed by loss in weight of blown bottles containing the organic 
liquid. 
If the phese structure of the blends prepared for the patent'is 
similar to the struct.ure of blends evaluated ill this present work, it 
, is difficult to envisage ho\{ a disperse phase component can reduce the 
permeability of a polymer as drwDatically as the patent figures suggest. 
It is felt that the decrease in permeability of. the blo'ffl bottles "''',s, 
more probably, caused by the processing teclmique involved.' This 
techniqu,e could lead to an overall sldn effect on the bottle, because 
of the lower viscosity of the nylon, and result in a product equivalent 
to a nylon-coa'ted bottle. 
'(ii) Interfacial Adhesion 
The very clear phase separation ",hich ,~as apparent on all the 
S.E.H. photographs of blends fractured after cooling in liquid nitrogen 
indicated that the interfacial adhesion was IowI' possibly negligible, 
and ·this was borne out by the results of the other tests. 
The patent literature, whilst not mentioning interfacial adhesion 
as such, indicated that improvements in physical properties may be 
obtained by methods which would be expected to increase the adhesion., 
Three such met.hods are available: 
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(a) The block or graft copolYJllerisation of the blend components I 
this method has been the subject of several patents which are 
, 
mentioned in Chapter 1. It is also likely to be the most 
effective method since it introduces strong covalent bonding direct 
bet'feen the phases. 'fhere are further advantages in that the 
grafting or block copolymerisation would lead to a greater control 
of the morphology of the blends and stability of the disperse 
phaG(! under processing conditions. This method of increasing 
interfacial adhesion was not investigated since it would 
necessitate a.complete investigation in its own right. In additioll 
I 
graft blends of ethylene copolymers and Nylon 12 have. recently been 
prepared and examined by Kiuchi and Ravioli '(61). 
(b) The inclusion of a third component which is capable of 
compatibility with both pha80s and is likely to exist at the 
interface. This again has been the subject of much patent 
literature (as discussed in Chapter 1). 
(c) The introduction into one of the components of chemical 
groups which are likely to show an affinity for the other 
component. The best method of carrying thi.8 out is probably to 
modify the polyethylene with a minor amount of a group capable 
of hydrogen bonding "Hh the polyamide, "hilst taking care not 
to reduce the crystallInity of the polyethylene too severely. 
Approaches such as this have also been ,oentioned in the literature, 
copolymers of ethylene with acrylic acids and ncrylamides having 
lJcen fltlggested. 
I 
! 
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It was decided that the latter t,,·o approaches for the improvement 
of inLerfHdal adhedoll should· be investigated as part of the present 
work. They arc therefore discussed in Chapters J,. and 5 reSl,ectively. 
(iii) 'fhe Double Crystallisation Exotherms of IlDPE 
These peaks, observed in certain blends, were thought to be due 
to either two separate crystallisation mechanisms in the polyethylene 
phase or to the interfacial cocrystallisation of Nylon 12 and lIDPE. 
If the latter were the case, it would not be in line with the observed 
lack of interfacial adhesion discussed previously. Thus, the reasons 
for the double peak were investigated in detail and are dealt with 
, •. 
in Chapter 7. 
(iv) The Effect of the Differenti.al Contraction of the Phases on 
the Physical Properties of the Blends. 
The unusual density behaviour of the blends has· been ascribed to 
the differential contraction of the phases on crystallisation. If one 
considers a Menel consisting of a Nylon 12 matrix with a ~pherical 
disperse phase of lIDPE, then on processing of such a blend at an 
elevated temperature, for example by compression or injection mo'.tl.ding, 
both phases would be molten. However, on cooling from the melt, at a 
temperature in the region of 160°C, the Nylon 12 would crystallise end 
solidify. On crystullisaticn, as ,d th other materials, the density of 
the polymer increases and it "shrinl{s", in this case around the still 
molten disperse phase. In fact, it is pOSSible that low stresses may 
be frozen into the matrix due to the constraints imposed by. the 
disperse phose. As the temperature decreases still further·, at about 
o . 125 C, the polyethylene disperse phase crystollises and contracts. 
9 " ;,
Since the matrix phase at this temperature is rigid, the diSperse pllilsf! 
has no alternative, since the interfacial adhesion is 10'", but to detacl 
upon crystallisation, leading to the formation of voids around t:,9 
particles. In this situation, it is possible that if any stresses were 
frozen into the matrix they would be released by the void formation. 
Thus, after cooling, the material consists of a rigid matrix phase 
containing detached or partly detached dispersed pllllses ul'olUld .. hieh 
voids have formed, and it therefore possesses a lowered density. The 
physical properties, certainly the tensile strell!rth and elongation' at 
break, of this material should be similar to those of a high density 
rigid foam. Hence, it is hardly surprising that calculati~ns sho,{ that 
, 
the matrix phase appears to bear the full load and none is, transferred 
to the disperse phase. 
If the reverse is now considered, a polyethylcne matrix phase ,nth 
a Nylon 12 disperse phase, a tot.ally different, si tuation arises. As 
the blend again cools from processing, at about 1600 c the Nylon 12" 
disperse phase crystallises ,<1 th the appropr'iate shrinkage. The 
polyethylene matrix phase, being under pressure in f.\ mould ao,d still 
in the molten state, is able to follow this shrinkage. From this pOint 
on the Nylon 12 phase, consisting of solid rigid particles, behaves in 
t,he 8/1J11e manner as nn inert, rigid filler. As the tempcl'ature is redUCE 
further, the polyethylene crystallises, again with large shrinkages. ' Ix 
this situation, the rigid Nylon 12 disperse l,hase acts as a restraint 
on the polyethylenc, forcing it to shrink around the 'disllCl'sed pnrticle! 
This, it appears, lends to stress concentration in the matrix adhacent i 
the disperse phase. 
" 
;IV 
If the above, sequence of events' is borne in mind when interpret,i?g 
the physical Gnd mechanical properties of the blends, the observed 
behevif"'1:" mny be r~ndily c:Y.~lQbce.., If n' !:lc::.d 'W'ith a l'olycthylcn" 
matrix is stressed, 8 high level of stress concentration in the matrix 
will lead to catastrophic failure at low strains. ' This behaviour is 
observed in the rapid decrease in elongation at brealt of polyethylene 
with increasing amounts of Nylon 12 disperse phase (Graph I.). Similar 
behavionr occurs in polyethylene filled with inert fillers. Griff ith s 
(128) in the ,.:ork ,,'hich led to hiD Crack Theory in 1921, postulated 
, 
that the discrepancy between the theoretical strength of materials 
and the practical strength was due to the presence of flows wbich acted 
8S stress concentrators. It is now proposed t.hat the poor physical 
properties of tbese blends, in ,(bich the matrix phase "shrinks" (that 
is, by crystallis:lticn) onto the rigid dispcrne phl\Se or rigid filler 
particles, is due to a similar st,ress concentration around the !",::: C, 
particles, ill addition to t.he natural stress concentrations occurring 
in homogeneous materials. 
In the blends of l)olyethylene with Nylon 12 examined in this liork, 
it was found that the eloagation at brealc was drastically reduced ~y 
the inclusion of Nylon 12 disperse phase. Howe'ver, the tensile strengtll 
ot break of the materials was' not reduced in' the same manner. This' is 
due to the sbape of the stress-strain relat.ionship for crystalline 
polymers, In which 8 yield point maximum occurs at low strains follo"r:cd 
by slow dra\dng to hreak (Figure 9). 
" 
i' 
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CRYSTALLINE POLYMER AMORPHOUS POLYMER 
-, 
fig. 9 
If the stress concentration behaviour was observed in 
conventional materials which showed no yield point maximum, the tensile 
strength as well as the elongation at break would be drastically reduced. 
This behaviour is, however, unlikely, since the stress concentration 
is due to shrinkage on crystallisation. 
'I'he interpretation of the tensile stress-strain behaviour of 
crystalline polymer 'blends led to the suggestion that the effectiveness 
of fillers in thermoplastics, particularly crystalline thermoplastics, 
may be improved by the utilisation of the above effect. A series of 
experiments were carried out using specially treated fillers in order 
to investigate this more fully. Details are given in Chapter 8. 
(v) The Impact Behaviour of the Blends 
The significant increase in the impact strength of Nylon 12 by 
the addition of 5 - 10% WPE is of great interest since, it was 
unexpected from previous knowledge of the behaviour of polymer blends. 
The improvement of impact strength of a material by blending has been 
Imo,m for a long time, and in most cases it is brought about by 
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blending a minor amount of a rubbery material into the brittle matrix. 
However, in this present work the polyethylene disperse phase cert'ainly 
docs not appear to act as a rubbery catcrial. D.S.C. measurements 
indieate that although the.crystallinity of thelIDPE disperse phase is 
reduced somewhat at these levels, the reduction is' certainly not 
Bufficient to.induce rubbery behaviour. 
OUte.' accepted methods of improving, impact strength sre by the 
in~orporation of a minor amount of a semi-compatible rubbcry resin, 
as in the case of the impact modification of polyvinyl chlodde l,y 
block chlorinated 'polyethylene or AIlS graft polymers, or by the 
incorporation of fibres into a matrix. It would again alipellr that the 
HDrE is acting in neither of these ways. Therefore, some other form 
of i.mpact modification must be taking place. 
From the evidence currently available, it is impossible to' formulat 
,d th any certainty, a mechanism for this improvement. It is possi bIe 
.that, as jn the case of High Impact Polystyrene, the exact mechaniF.>m 
may take some years to determine. However, certain proposals for 
this mechanism, albeit unsubstantiated, may be put forvard. It is 
conceivable that the inclusion of particles of "5flm and less, probably 
detached from the matrix, may lead to energy absorbing properties. 
However, it is nmch more likely that the improvement is due to the 
geometry of the structure and an impact improvement mechBllism based 
on this is pro po sed. 
. 
• 
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Proposed Mechanism of Impact Improvement 
If one considers a notched imI'act test on a non-blencled homogeneous 
n;'J,ol"., thC'n the stress is ccncentratc~ at the tip of the notch, 'w:,,,:.:~ui'vu 
a crack forms and is catastrophically propagated across the specimen, 
despite the ductile nature of the nylcn. This behaviour may be compared 
with a sample containing a disperse phase of 5 - 10%' by weight of llDPE 
in particles of 1 - 3J-,m. According to Nielson (129), if the modulus 
and the Poisson's ratio of the t~ro phases are-s1milar and there is good 
( 
adhesion between -the l,hases, then there "ill be no stress concentration 
around the p'articles. Ilowever, this 'Work has shown that there ifl il1 
fact negligible adhesion between the phases. In addition, density 
measurements have indicated that the disperse phase is detachec! from 
the matrix, resulting in a surl'olmding vacuole. Hence, the syst.em is 
effectively similar to a foam, with loosely fitting particles within the 
gas bubbles, the disperse phllse only contributing when the strain is 
sufficient to deform the vaeuoles (Figure 10), thus causing contact 
between the matrix and the disperse phase at the equatorial regions • 
UNDEFORMED DEFORMED 
fi(l. 10 
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The disperse phase and its associated vacuoles therefore act as 
stress raisers in the system. Hence, in an impact specimen, not all 
the stress is conccntrated at the crack tip because the stress raisers 
causs a rapid transference of stress. to the wider matrix area. 
Therefore, a catastrophic crack\dll not propagate as readily • 
. The concentration of disperse phase to yield optimum results is· 
subject to a compromise between two opposing effects. An increase 
in the number of particles in the disperse phase;leads to greater 
acconnnodation of stress, .but also to an increase in the weak interface 
~rea ·which leads to easier crack propagation. The optilllUlll concentration 
for. this system appears to be in the region of 5% by weight of IIDPE. 
It might be considered that if the above supposition is correct, 
then a similar mechanism should operate in toughened glassy plastics, 
for example, High Impact Polystyrene, where, in fact, this has been 
. shown not do be so. However, in glacsy plastics it has been sho"n that 
cracks form at relatively 10'f deforlaations whereas ill tougher high 
impact plastics such as nylons, cellulose acetate, polyethylcne,· poly-
carbonate, etc. these materials are sufficiently ductile to deform to 
a much larger cxtent and hence transfer the stress before the formati.on 
of a crack occurs. 
If the opposite system is considered, a polyethylene matrix 
containing 5 - 10% by weight of Nylon 12, then a different situation 
arises. In this case, the disperse phase is not surrounded by vacuoles 
to act as stress raisers, but is in fact already a stress concentrator 
and a point of wealmess. .On impact, transference of the stress from 
the crack tip only serves. t,o propagate fitill!ro along the points of preV'i"ou 
stress concentration alld l'oor interfacial adhesion eids the crack gro;.-th. 
':. 
The impact strength of the system is therefol'e lowered. 
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In tIle above discussion, the essential difference between ·a stress 
raiser and a stress concentrator in the two situations described is 
as fo110"'8:-
A stress concentrator is formed in the situation where the matrix 
phase shrinks around the disperse phase, whether it be po lyrueror 
fi11~r, o..'ld thc stresses incurred by the sllrillkage !lre lInrclieved 
by further shrinkage of the disperse phase and hence arc frozen in. 
This stress concentration would therefore cause the formation of 
points of "ealmess around the disperse ph"'ge, The ~!ca!m~ss could, 
in fact, be in the form of microcracks, as in Figure 11. Uponan 
" impact test, certain of these wealmesses or micro cracks will be 
in the direction of failure and thus aid crack propagation. 
J 
fig. 11 
Stress raisers, on the other hand, contain no preformed stress 
, 
concentration; they merely act as areaa where stresses can be 
concentrated during the 'actual impact. In addition, stress 
raisers will generate stress only in the direction of applied 
stress, which, in a not.ched impact test of the Izod or Chnrpy type, 
is perpendicular to the direction of crack propagation (Figure 12). 
These generated 'stresses will cause some degree of orientation of 
the Nylon 12 molecules in this direction, which will further resist 
'crack propagation. 
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STRESS 
STRESS 
A SINGLE DISPERSED PARTICLE 
fig 12 
• 
. -It should be noted that other authors, not necessarily 
distinguishing between stress raisers and stress concentrators, 
have used these terms in other senses. 
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CHAPTER 4 DT,ENDS OF NYLON 12/!IDPp.!mmD COHPONENT 
4.1 INTltODUCTION 
The patent literature concerning these blends has been 
reviewed in the first chapter. The major claims of all the' patents 
are thnt snch additives increase the impact strenr,th of the bl.ends 
and reduce the tendency to phase separation of the compollPnts. 
The materials mentioned in the patents as third components in this 
system are all ethylene copolymers of various types. Tliey inClude 
poly (ethylene co' acrylic acid) (41-It'.), poly (etl.ylene co sodium _ 
salt of acrylic acid) (I.5 ,lt6), poly (ethylene co isopropyl 
acrylamide) (5), poly (ethylene-g-caprolactam) (53-56) and. 
oxidised polyethylene (lt7). 
The major requirement for a third component material '{QuId. 
appear to be that it· should be active at the interfaces;of the 
major components by possessing some affinity for both. Although 
the materials mentioned so far in the patents have been high 
molecular '(eight copolymers, there is no reason why a low mol ecuIer 
weight compo\md should not be effective, provided that it is 
capable of bonding into both:the phases. Hence, in this context, 
two suitable low molecular weight additives ,(ere evaluated, both 
of which possessed bonding potential. These two A(lditives wer" 
stearamide, a long aliphlltic chain ,dth an amide end group, ami 
Sarcosyl S, a condensation product of glycine and. stearic ocid. 
' •• 2 }!ATEHHLS 
The additives evaluated in this serie!;! nf hlends '(crel-
Stenramide 
Sorcosyl S 
Poly (ethylene co 
vinyl acetate) (ITVA) 
Poly (ethylene co 
vinyl alcohol) (1IEVA) 
Poly (ethylene co 
. acrylic acid) 
Poly (ethylene co 
acrylic acid, sodium 
salt) 
Poly (ethylene co 
ethyl Ilcrylate-g-
lourolactmn) . 
Oxidised polyethylene 
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'. 
Laboratory Reagent Grade, supplied 
by n.D.n. 
C<mdensation product of stearic acid 
and glycine, supplied by ClRA-GEIGY (Ul{) Limited. . 
Two pol~ners with varying vinyl,acetate 
content, both supplied by I.C.I. Plastics 
Division: 
VJF 502 containing 7 .55~ by weight of 
vinyl acetate, and 
40-50 containing 110',,6 by weight of vinyl 
acetat.e. 
Three polymers with varying vinyl 
alcohol contents - these were prepared 
from the corresponding poly (ethylene 
co vinyl acet.ate)· polymers by o11ml ine 
hydrolysis. 'The grades evaluated 
contained 10.1, 16.6 and 21,.5?; by weight 
respectively of vinyl alcohol. 
Grade AC-540, supplied by Allied 
Chemicals. 'rhe polymer is of 10~T 
molecular weight ,<1 th an acid no. of 40 ani 
a softening point of 10aoC (ASTH E-28) 
Surlyn 1601, supplied by Du Pont. 
'rhis polym.er ,,,as produced by H. Jauchi' 
as part of a programme of work on 
anionic graft pol~ncrisations. The 
basis of tho grafted pol~ner \las poly 
(ethylene co ethyl acrylate) (18')~ by 
weight othyl acrylate). which ,(as llsecl 
. as active cocatalyst in the anionic 
polymerisation of lnurolactam using 
sodiuill hydride as catalyst (61). Two' 
batches of material .... ere used in this 
evaluation. 
Grade AC 680, supplied by Allied 
Chemicals. This polymer is !l low 
molecular weight oxidised polyethylene 
with 0 density of 0.94 Yec., softening 
point of 1100e ond on acid no. of 16. 
Versamid and 
V~rRal(ln Poly-
amides 
'. 
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These polymers were supplied by 
Crlly V .. ll ... y Prod!lcts. 'rhe acid feed stock 
for them, commonly termed "dimer acid", 
consists predominantly of dimerised lino-
leic acid with traces of rnonomer and trimer. 
CH3-( 0112 ) Jj-CIl=ClI-GJI2-CIT=CIT-( CJI2)7-COOH 
.' lin~leic acid 
( ?I12)7-COOII 
CIT cn~ 'Clf-CII=CIT-(CJl2)7-COOH 
"' ' C1t CI(CH-( C1I2) 5C1I3 
I ' 
( CH,,) "CH3 ~ J 
one, isomer of "dimer acid". 
The products evaluated as additives'were;-
VersAmid 930, manufactured from lir;htly 
purified dimer acid polymerised with ethylene 
diamine. This product has a 10>< molecular 
weight, in the region of 2000. 
Versolon 1.138, manufactured from fractionoted 
dimer acids reacted with a long chain diami.ne, 
probshly hexamethylene diamine. This product 
is A higher molecular weight ruhhery material. 
Verso Ion 1160, manufactured from fractionated 
'd'imel' acids reacted with ethylene diamine. 
This is n higher molecular \{eight product 
of a brittle nature. 
All the materi.als, with the exception of the poly (ethylene co ,vinyl, 
alcohol) which was preparen "ithin the present research progrOlmne, 
'{ere used in the form supplied by the manufacturer wi thout further , 
purification. 
1t.3 PREPAll"TION OF BLENDS 
The mixtures evaluated in this series, forming Blend Series' 
C, are sho,m in Table". They fall into three categories depending 
on blend ratio, The blend ratios examined were Nylon 12 : IIDPE : 
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Additive, 74.5 : 24.5 : 1, 72.5 : 22.5 : 5 and 50 : 45 : 5. 
Dlends Cl - CI0 were produced using the standard Inixing 
procedure detailed in Chapter 2. Dlend Cll and subsequent blends 
were produced using a modifie(l mixing procedure designed to 
minimise the effects of the additive on the rheolo;'(y of the blends. 
The modified procedure "!as os fo110"8:-
The nylon 12 and the HDPE were blended for five minutes, 
alolie to establish a phase structure. The additive wos tllen 
added in four parts during blendil11h followed by n further blending 
period of five mi~utes, making a total mixing time of twelve 
minutes. 
4.4 I'llASE STHUCTllll.E OP THE nWNDS 
(i) Dlends Containing 74.;;1~ Nylon 12, 211.5'1; lIDPE, 19~ Additive 
'None of the additives affected the phase structure of 
the blends either in sectioned samples or S.B.}!. samples. 
(ii) Dlends Containing 72.'Yi~ Nylon 12, 22.5% Hm'!':, 5)~ Additive 
The phase structures- of the blend containing poly 
(ethylene co acrylic acid-g-Iaurolact.arn) (C7) and those 
containing the poly (ethylene co vinyl acetate) copolymers 
(C5 ami c6) were not affected by blending and were similar 
to the Nylon 12 75~~, IIDPE 25;~ blend. 
The blends containing the low molecular weight compounds 
steararnide and Snrcosyl S proved to be un~ixable because 
the additives prevented efficient mixing by excessivc 
lubrication. 
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The phase structure of the blends containing the 
Vel'salon and Versaridd polymers (CS - Cl0) were greatly 
modified by these additives. They caused poorer mixing 
which, in turn, gave elongated particles of up to 50 x 15)Jm 
in the case of the Versalons and up to 100 x 15)lm in th" eose 
of t.he VersAmid. The compression mouldings of t!ie blend of 
the latter had a very coarse fibrous appearance. It 
appeared that this modification in phase struoture was 
prohably due t.o an alteration in the rheological properties 
of the melt in the mixing chamber 'of the Drabender, caused 
by the lower viscosity additives. It was at this point that 
the modified mixing procedure was adopted.·. The preparation 
of blend 'CH, that is ,dth the Versalon 11:38 additive, in 
this manner led to a phase structure consistinCi of near 
spherical particles with a particle size distribution of 
5 - :30)'m (Plate 7). This may be con'pared with a particle 
size distribution of :3 - 7;un in a similar blend containing 
no additive. 
The precise position of the additive in the micro-
structure of the blends WIlS impossible to determine. It was 
unclear from the results obtained whether the· additives -
(a) were compatible ,dth the Nylon 12 continuous phase, 
. (b) were compatible with the IIDPE disperse phase, 
(c) existed as a separ~te disperse phase which was 
confused with the JIDPE disperse phase,. or 
(d) were at the interfaces, as '1as originally intended. 
EFFECf OF VERSALON 1138 POLY AMIDE ON THE PHASE STRUCTURE 
.OF NYLON 12 (72.5%) - HDPE (22.5%) BLENDS 
100 .... m 
TRANSMISSION MICROSCOPY 
VERSALON 1138 (blend C9) 
(added initially) 
VERSALON 1138 (blend C11) 
. , (';;-o;:lified mixing proceedure) 
NO ADDITIVE (blend B5) 
Plate 7 
• 
EFFECf OF ADDITIVES ON THE PHASE STRUcruRE 
OF NYLON 12 - HDPE BLENDS 
TRANSMISSION MICROSCOPY 
NO ADDITIVE 
SURLYN A 
POLY(ETHYLENE - co -ETHYL 
ACRYLATE-g-LAURG-
, 
. LACTAMI 
Plate 8 
, i 
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A further hlend, consisting of Nylon 12 95%, 
Versalon 1138 55!' was examined. From the scctions ,examined 
microscopically, it was again difficult to determine' whether 
or not the additive existed as 0 separate phase. S.E.H. 
examination of this blend failed to reveal any trace of the 
a rIcH ti ve • 
(Hi) Blends containing :;o;,~ Nvlon12, 45% iIDPE, 5f Additive 
The use of poly (ethylene co acrylic acid) as on 
/l{lrlitive led t.o extremely conrse phoRe strnct.ures, in fllct 
so coarse that it was impossible to section the samples 
satisfactorily for examination by optical l!licrosco!>y. " 
S.E.H. examination showed that the blend consisted of 0 
coarse fibrillar structure ~Ii th smaller phoses \iithin the 
fibrils. 
The blends containing the IlEVA copolymers sho,,'ed little 
change in phase structure compared with similGr blends 
without the third component. 
Surlyn A caused a reduction on the size of the 
interpenetrating blends with a lal'ge increase in discrete 
single spherical phases. 
The oxidised polyethylene reduced the sizes of the 
interpenetrating phases by ahout 50'/0. 
The'poly (ethylene co ethyl acrylatc-g-laurolactam) 
caused a major change in the phase structure by reducing 
the sizes of the interpenetra.ting phases nearly tenfold 
(Pl?te 8). 
, . 
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'*.5 TENSILE STRESS-STRAIN PltOPEltTIES OF TIlE BLENDS 
~'he results of the tensile s tress-strain testing of the 
Nylon 12 JIDPfit.hird component bl.end~ are sho~\T. in T:lble 8, and 
the tensile strength properties are summarised in.the histogram 
The results are sUl!l'1torised os fo11o"s:-
(i) Blends Containin.'j 74.550 NYlon 12, 2~f.5?~ IIDI'l~, 11~ Additive 
Additives includecl in the hI ends at the 1~ level 
scnrccly affected the tensile stress-stroin properties. 
(ii) Blends Containing 72.29& Nylon 12, 22.5?G IIllPE, liG Additive 
Dlends C5, c6 and C7 gave slightly .increased tellBilc 
yield strengths due to the additive, but tensile strength 
at break values "ere low due to premature failure soon 
after yield. Blend C7, that is, ~!i th the graft of poly 
(ethylene co ethyl licrylote-g-laurolactam) additive, gave 
the highest increase in tensile yield (28.5-:n.2HN/m2). 
The Vcrsamid and Versolon additives in mend.s C8-C12 
altered the shape of the stress-strain curve, causing 
the yield point to disappear Ilnd be replaced .by a slow 
increase in stress to failure (Fig. 14). 
NO ADDITIVE 
fig. 14 
VERSALON OR VERSAMID 
ADDITIVE 
-. 
TENSILE STRENGTH OF NYLON 12· HDPE· TIDRD COMPONENT BLENDS 
EO . 
. 
50 
B 
. Y . 
40 
-30 Ip' 
- -
1-- ,.. - I- - - - - - - - - -
. 
-. 
-- - -
I--
--~- -. 
10 B5 Cl C2 C3 C4 CS ca r:T CS CS Cl0 Cll C12 C14 C15 C1G C17 C1S C19 C20 C2l BS C13 B1 
. 
, • 
o 
111 
This behaviour was considered to be due t.o the 
plasticisation of the Nylon 12 by the additives. ITence 
Dlend C13, with 95% Nylon 12 nnd 5% Versalon 113R, was 
prepared and tested. The strest-strain characteristics of 
this blend were si.milar in nature to the unblcndcd Nylon 12 
but ,dth reduced values for tensile strengtlls. Ili th this 
blend there ,(as no evidence for the disappearance of the 
yield point, However, the decrease in yield strength,' compared 
wi th the values for Nylon 12 nnd for Nylon 12 cont,ainillg 
5% IIDPE does not rule out the possibility of some 
plasticisation of the Nylon 12. These results do, however, 
suggest that it is the interaction of the Versalon additive 
wi th the IIDPE disperse phase which is respollsi ble for the 
disappearance. of a clear yield point. rather than the 
additive alone. It is possible therefore, that the bulk of 
this additive exists near the interface of the phases. 
(ii) Dlends Containing 'iO"e Nvlon 12, "55'; IIDPE, 5i~ Additive 
All the additives, with the exception of the poly 
(ethylene co acrylic acid) in Blend C15, caused' increases 
in the tensile strengths at· break. The poly (ethylene co 
acrylic acid) was completely incompatibl e wi t.h the blend, 
caused gross phase structures and led to.poor physical 
properties. 
Blend C16, containing Surlyn A as additive, is worthy 
of mention in that two .out of the ten replicate samples 
tested for tensile propcrtieG showed signs of yielding mui 
drawing behaviour. This is the only instEnce of this 
.' 
behaviour in blends of Nylon 12 and IID!'E at this blend 
ratio. 
4.6 IHPAc'r STltENGTll OF TIlE m,ENDS 
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The results of the impact strength measurements on this 
series of blends are given in."roblc 8 {lnd are expressed graphically 
in the histogram (Fil~. 15). The values for imp1!ct strength of the 
cOt:1parcble blends without additives are shown by the dotted line. 
These results are difficult to analyse in detail because of 
" the numb,,:!.' of variables involved. For instance, it is apparent 
that the third component may effect the impact strength of the 
system by:-
(8) plosticising one or otl;er of the two major components 
(b), altering the rheology of the system during the blending 
process, thus leading to extensive changes in phase structure. 
(e) acting at the interfaces of the major phases and impro'1ing 
adhesion b~t~~ccn thc:r.. J ~s 'i'c1S originally intended. 
Because of these prohlems in the andysis of the results, 
the addi Uves will be dealt with in batches according to their 
behaviour characteristics, rather than their. blend ratios:-
The blends containing Versomid 930 Ilnd poly (ethylene-
co acrylic acid) (C8 Hnd C15) posscsBcd very high impact strengths, 
preamnably due to the gross phase structure and fibrous nature 
of the hlends. 
Blends C9 and C10 (Versa Ions 1138 and 1160) both gave iJigh' 
impact strengths. Blends C11 and C12 (Vcrsalon 1138), prepared 
l)y t.he modified mixing procedures, possessed intermediate impact 
kJ/m2 
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atrengtha between that of C9 Ilnd the blend containi.ng no additive. 
This indicated that the higher impact strengths of Dlends C9 and 
. CIO were due in part to a modification of the phase structure, 
as well ns the nction of the additives. The impact strength of 
Blend CIJ (95% Nylon 12, 5% Versalon 1138) was slightly higher 
that that of the Nylon 12 alcne, thus suggesting t.hat Versalon 
1138 cnd presumably VCNalon a60 plasticise the Nylon 12. 
The blends containing the poly (ethylene co ethyl acrylate-g-
laurolnctam), blends C7 and C20, show Bomc anomalous results, . 
blend C7 hsving poor· impact strength and blend C20 having good 
impact strength. These two gra.fted copolymers were nominally 
similnr in consti tution but wcre from diffcr~nt botches. A shortage 
of these materials unfortunntp.ly prevented further examination. 
This grafted polymer is presmnably the most likely of any third 
component to act at the inter:f'ace bctM~en the Nylon 12 Ilnd the rIDPE. 
·lllends C16-l9, containin:; Surlyn A anc\ ImVA of different 
. hydroxyl group contents, all shm(ed slight increases in impact 
st.rength over the equivalent blends ,dthout additives. It is felt 
that these ndditi-ves are more lilcely to be asociated with the 
HDPE p),nse rather than the Nylon 12 • 
. The two low molecular ,,-eight additives evaluated, stearamide 
and Snrcosyl S, (Cl and C2) scemed to exert little effect on the 
impact strength, although from the slight increase in impact 
strength in Blend Cl, it seems possible that Nylon 13 is plasticised 
by the steararnide. 
IJ.7 THEHHAL ANALYS IS OF TIlE nLElIIDS 
Conditions employed:- Sample weight = 3.0 ;t O.1mg 
rre!!±in~ rate = 20oC/milltlh 
D.S.C. traces were run for Dlends C1 -.C10 and peak 
temperatures and heats of fusion were calculated from them 
(Table 9). 
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The third components in this series of blends did not alter 
the crystallinity of either of the components detectably, or the 
crystalline peok temperntures. 
It has previously been suggested from the tensile strength 
.' 
data that the Versalon and Versamid oddi ti ves in Blends CS-CiD 
are acting as plasticisers to the Nylon 12 phase.' Data from the' 
thermal analysis indicates that these additives are Ilot'redriclng 
the heats of. fusion and hence the crystallinity of the Nylon 12 
and therefore it would seem likely that they .. ·plasticise the 
amorphous regions in the Nylon 12. Since the totol crystallinity 
is probably in the region of )O-ll()C~, adequate amorphous Nylon 12 . 
j.s available to accomodate the additives. 
~.8 DISCUSSION 
The original intention of this port of the ,{ork W:lS to 
examine the mechtmical properties of the blends containing additives 
and from the data obtained it was hoped that. the effects of the 
additives on adhesion between the phases might be deduced. This, 
ho"ever, was Reriously confoumled by a number of reasons:-
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(i) It was originally anticipated tnat the additives would 
exist at the interfaces between the two major components. 
However, it "ouId sl!eT'l th"t t.he Most likely beh:lViour for 
an acldi tive is to be preferentially attracted to one or 
other of the major co:nponents during the melt- blending process, 
where it may modify thl! melt viscosity and flo" behaviour 
of that phase. On cooling from the processing temperature, 
the additive may then Act either as a plasticiser for the 
phasl!, if they ore suitnbly compot1ble, or; mor~ lil(ely, 
separate out to form II third phase which mayor may no-~ exist 
at the interface. 
(U) - It has been shown that the additive _ can grossly effect the 
phose structure of the blends by modifying the rheology of 
the system in a number of ways:-
(a) by acting as an overall low Viscosity lubricant Ilnd 
hence reducing the work done and the mixing efficiency 
of the system. This behaviour was exhibited 
particularly by the low molecular weight oddi tivea 
at the higher concentration of 5)~, where mixing to 
any reasonable state proved impossible. 
(b) by lovering the viscosity of one of the major components 
by plasticisation in thl! melt, though not necessarily 
in the cooled blend. This led to a modifiCAtion of 
the phase structures due to the differences in 
viscosities between the phases. It is thought that-
this might have occurrecl in the blends containing the 
Vcrsalcn polymers. 
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(c) by acting ns 11 compatillilising Agent between the two 
major components, thus enabling higher states of 
dispersion to be Achieve,l with t.he s"me wl)l'k. 'l'h:i.~ 
behaviour was believed to have occurred with the grafted 
copolymer of poly (ethylene co ethyl acrylate-g~ 
l:lurolactam) in Blend C20, in · ... hich a tenfold reduction 
in t.he size of the phase. struct.ure was observed. 
In all the blends where t.he phAse strllcture8 W('re substantially 
altered by theaddHives, it ~las found difficult to distinguish 
between t.he cllonge in mechanical properties due to phase structure 
and the change due to increased interfacial adhesion. The modified 
blending technique adopted was found to lend to more consistant 
phase structures, but did not obviate the problem entirely. It 
\fas generally noticed that higher impact strengths were obtalnecl 
from the blends with larger phase structures,· presumably because 
such blends contained 11 10\,er proportion of U,<eak interfaceu • It is 
interesting, however, .thot the blend co·ntaining the. grafted copolymer 
of poly (ethylene co ethyl acrylate-g-laurolllctom) (C20) had a 
much increased impact strength compared with the blend with no 
additive, despite the fact that this blcl1<l t13d a much sl!1aller phase 
structure. It may be deduced from this that the graft copolymer 
does in fact inc:r:ease interfacial adhesion, as lUay: hove been 
expected. Blend C7, which contained 0 similar grafted copolymer 
though in a blend containing different ratios of Nylon 12 and HDPE, 
sho,{ed I; different behaviour. Unfortunately, only small quanti ties 
of the grafted copolymer were available and it was not possible to 
check the r~sultB obtained. Further work WIlS later carried out 
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by Jauchi and Uavioli to examine the prope!ties of these grafted 
copolymers in blends (6i). 
Oxidisc~ IJolycthylcnc and poly (ethylene co-acrylic nCid) 
thou~h very similar in structure exhibited marked differences when 
included as additives. This is presumably due to the higher acid 
numberoo,of the copolymer rendering this additive completely 
incompati ble with Nylon i2 Ilnd IIDPE. It would, be expected that 
a poly (ethylene co acrylic acid) wi th a lower acid Iluml.er (that 
is, contninin~ less ncrylic ocid)- "ould be compntihle and "ould 
behave in a similar manner to the oxidised polyethylene. 
It became apparent as the evaluation of the three-:component 
blends continued, that though minor points '{ere resolved, the, 
nature of these blends was extremely complex and could not be 
satisfactorily characterised scientifically with the expertise and 
equipment available. Hence, this line of investigation \faS 
discontinued, beyond the stage descrioed above._ 
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ClIAPTlm. 5 m,DNllS (JF NYWN 12 WITH lIDI'D HODIFTEU ny TJlD IKCLUSION 
(JF HYDROXYL GItOlJPINGS 
5.1 INmOD,[)CTION 
In the evaluation of -the blends of Nylon 12 with IIDpr.,it 
was observed that the adhesion between the phases was.vfrtually 
ilOn-existent. This is presumably due to the totally different 
polllrities of the tv-o polymers, despite the filct that Nylon 12 
possesses fairly long alkyl sequences. It W&S therefore proposed 
that one method by which the interfacial adhesion could be improved' 
was to include in the polyethylene cha in groups which were 
capable of showing an affinity for the Nylon 12 ph~se, preferably 
by hydrogen bonding, but which did not reduce the crystallinity 
of polyethylene to any g::'cat extent. 
This approach has received attention in the patent .. , 
literature, os was discllssed in Chapter 1, though not from the 
. ospect of improve,i interracial adhesion. Groups posse,jsing 
hydrogen bonding capabUi ties, \1hich could be introduced into the 
polyethylene chain include:- Nitrile groups, by copolymerisation 
of ethylene with acrylonitrile; Carboxyl groups, either by,' 
of 
copolymerisation",e'Lhylene with acrylic acid or by the oxidation 
of polyethylene "ith short chain branching; Amide groups, by 
copolymeriaation of ethylene with acrylomide; and lIydr,?xyl groups, 
intro(luced by the hydrolysis of etllylcne-vinyl acetate copolymers. 
The introduction of hydroxyl groups was selected as the 
most sui table method for two l'e050n8:-
(i) A ,dde range of ratios of random poly(ethylene co vinyl 
acetate) polymers are available, requiring only 0 relatively 
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simple hydrolysis step to furnish suitably hydroxyloted 
polyethylene polymers. 
(ii) It is probable that the other groupings considered would 
seriously inhibit the crystallisation of the polycthylene 
even at fairly low concentrations, whereas it has been 
reported in the literature that poly(ethylcne co vinyl 
alcohol) polymers are crystallir.e throughout all the more' 
conunor. ratios (130). The interference with the crystallisation 
of polyethylene would therefore be minimised 'by the 
introducti6n of hydroxyl groupings. 
5.2 PHEPAHATION OF HYDltOLYSED ETlIYLENE!VIl-;'Y!, ACETATE COPOI,YJolEnS 
The hydrolysed ethylene-vinyl acetate (ImVA) copolymers 
used ill this project were prepared·from poly(et.hylrne co vinyl 
acetate) polymers of appropriate vinyl acetate content supplied 
by r.C.I. (Plastics) Ltd. 
I.C.I. 
Code No. 
VJF 502 
18-02 
28~O5 
1,0-50 
% by wt. of 
vinyl acetate 
in copolymer 
7.5~b 
1B7~ 
28"~ 
40'}~ 
% by wt. of 
vinyl alcohol 
in hydrolysed 
copolymer 
1,. (JO~ 
10.1% 
No. of hydroxyl 
groups per 1000 
carbon atoms in 
hydrolysed co-
polymer 
16.6 
28.5 
The acetate groupin,ls in the polymer chains were converted 
to hydro>:yl groups by hydrolysis ,of the ,Ilolymer in solution by 
excess potassium hydroxide. 
, 
-ClI -Cll-2. 
o 
I 
C=O 
I 
CH) 
+ ICOlI 
121 
-ClI.,-CII-
- I 
+ 
OH 
The hydrolysis was accomplished by dissolving the Hl'propriat.e 
polymer in a mixture of toluene and sec.-butyl alcohol. An 
appropriate excess of potossimll hydroxide (S.I"n. Grade) was added 
and the hydrolysis was allowed to proceed for two hours, with 
constant stirring whilst boiling under reflux. When the hydrolysis 
was complete, the reaction vessel was allo',·cd to cool slightl~' 
and rearranged to allow the solvents to be st.cam .list . .i 11 p.d off 
from the polymer solution. The polymer precipitated as the 
solvent came off. The liquid level. in the flosk was maintained by 
the addition of·hot water during the steam distillation to aid the 
removal of the solvents. The coagulated pol~~ner was washed in 
water to remove potassium acetnte Ilnd hydroxide and broJlen up 
further using a domestic mincer. In order to remove any remaining 
potassium acetate and also excess potassium hydroxide, a rigorous 
washing procedure was adopted, followed by a careful drying cycle. 
The procedure was as follows:-
(i) nou(ih washing with.cold water prior to mincing. 
(ii) Prolonged washing in 8 continuous flow of hot water 
(60-65°C) for fiteeen minutes. 
(iii) 
(iv) 
(v) 
liashing in technical grade methanol. 
Two washes in deionised water. 
o Sixteen hours at 50 C ill a hot air. oven to remove the 
bulk of the water. 
(vi) Four hours in a vaCUum oven to remove the last traces 
of moisture. 
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The hydrolysis conditions for each polymer were 8S 
fo11o'l<s:-
~f 'l'Ac i.11 
copolymer 
'''t. of 
polymer 
per batch 
Volu"t, of 
tolucn'l 
Volum .. of 
sec-butanol 
Wt. of ROll 
·18 
28 
65g. 
65g. 
65g. 
65g. 
550 ccs. 
~50 ccs. 
250 ccs. 
200 ccs. 
300 ccs. 
500 ccs. 
750 ccs. 
5g. 
109. 
15g •. 
5.3 A.'<ALYSIS Or IlEVA POLY}!E!1S 
(i) Inira-1led Spectroscopy 
IR spectroscopy was used 8S an llnalyticsl .techniqnc· . 
to check for completion of hydrolysis by observation of 
the disappearance of the exceptionally strong ester carbonyl 
absorption peak at 1750cm-l (175mm-l).· The disappearance 
of this peak \fSS accompanied by the appearance of a very 
strong broad hydroxyl absorption peak ut 3350cm-l (335mm-l) 
in the,hydrolysed polymer. 
Samples for analysis \fere prepared by hot pressing the 
polymer at 160°C bet,,·een sheets of Helinex film to give 11 
thin self-supporting film which could be run en a !'ye-Unieam 
SP 200G IR sl)ectrophotometer. Jteprescntative traces for 
the polymer initially containing "'0;6 vinyl acetate are shmm 
. in ~'ig. 16. As can be Been from these traces. the ester 
carbonyl absorption peak at 175(Jcm-l (175mm-1) almost 
entirely disappears, gho\dng satisfactory completion of 
hydrolysis. 
-
'" 
(Coo 
I R SPECTRA OF POL Y(ETHYLENE CO VINYL ACETATE) (40% vinyl acetate) 
BEFORE AND AFTER HYDROLYSIS 
BEFORE HYDROL Y IS 
AFTER HYDROLYSIS 
. . 3'.;00 3tiUQ 250 2000 15 0 
: w&wmlmber (cm·1 ) 
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(ii) Determination of Potllssium Content of the Hydrolysed 
Polvmer 
The potassium ~ontei1t of the prepared polymers ·'"88 
determined by flame photometry •••••••••••• The purpose 
of this was to check the efficiency of the washing procedure 
for the removal of potassium acetate and ~xcess potassium 
hydroxide. The technique "as as fo11ows:-
Approximately 19. of material was weighed accurately 
into a crucible and ashed to' constnnt "eight at 5500 C. The 
residue was dissolved ill dilute nitric acid, made up to 
25mls. and the potassiwn content aSSessed by flame photometry. 
The maximum potassium level found in any of the polymers "as 
24ppm., which was considered suitably low. 
(iii) Differential Scanning Colorimetry 
Differentilll scannirig calorimetry 'Was used to check the 
crystallinity of the hydrolysed ethylene vinyl acetate 
copolymers, since it was desired to maintain as high a lev .. l 
·of crystallinity as possible whilst introducing hydroxyl 
groupings into the hydroxyl chain. 
The procedure adopted was as described in Chapter 2, 
method 1. The conditions were:-
Sample veigh t 
Heating rate 
= 
= 
3.0.:!:, O.1mg. 
20°C/minute. 
The heats of fusion for the I~A polymers, calculated 
from the fusion peak areas, are shown overleaf. 
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No. of OH Heat of Peak temp. Peak temp. 
groups/iooo F-J3ion °c of °c of 
C atoms J/a (col/g) lIEVA polymer· precursor 
EVAc polymer 
--
6.1, 150.7 (}6.0) 117 101, 
16.6 123.9 (29.6) 117 91 
2S.5 102.2 (24.1,) 116 73 
41,.5 71.1, (i7.05) 115 51 
The heats of fusion for the precursor ethylene-vinyl 
acetate copolymers wer.e not measured since the low 
crystallinity and the diffuse nature of the melt.ing cndotherm 
peak tnade Accurate assessment of the peak aren impo:lsiblc. 
As can be se~n from the graph of heats of fusion of the· 
JIEVA polymers against degree of hydroxyl substitution 
(Graph IS) t.he relationship is approximately lincar. The 
extrapolation of this. relationship to the l1nsuhsti tuted· 
polymer should yield a result for beat of fusion. vhich h 
comparable wi tIt cOInmerciol 10\{ density polyethylenos. The 
result obtained, 161.0 J/g (3S.5 cal/g) which is equivalent 
t.o a crystallinity of 56.3% is comparable ,dth 11 literature 
value of 52.0)~ for a cOllUnerciol 10,{ density polycthylene 
(Dum) (126). HatslllDoto et al (130) havt' recently published 
results of nn investigation ·into the properties of ethylenc-
vinyl alcohol copolymers, in which they have shown that the' 
copolymers arc all crystalline over the "hole range of 
compositions. This is in agreement with the results obtained 
in this investigation. 
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HEATS OF FUSION OF HEVA POLYMERS 
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5.1• I'IIT::PAMTION OF THE BLENDS 
A series of blends were produced by the incorporation of 
the above polymers in Nylon 12 'at 10 and 25?~ concentrations by weight. 
The blending proccdure adopted lias as before, details of which were 
given in Chapter 2. Details of the blends, Blend Series D, are 
given in Table 10. 
5.5 PlL\Sl~ STnUCTUIlE OF NYLON 12/IIEVA DT,mmS 
1'he :structure of these blends wes much more difficult to 
observe under 'optical microscopy despite the use of' phase 'contrast 
and U. V. staining techniques. The blends containing llY;' HEVA 
yielded fin.e structures which were ,just discernahle in. the mIcroscope 
but which were very dUticul t to recorll photographically, hecousc' 
of the very restricted contrast limits. The blends containing 25)~ 
. IIEVA were more easily examined, and photomicrographs ure shown in 
Plate 9. As can be seen, these blends show marked changes in. 
structure. If compatibility.is judged microscopically, 'the 
compatibility increases with hydroxyl content to a maximum with 
28.5 OH groups per 1000 carbon atoms (11.~ mole %- vinyl alcohol). 
An interesting point to note i.s that the disperse phase 
in the blends containing lIEVA with 11 11.5 OH groups per 1000 carbon 
atoms possesses a sharp elongated form in contrast to the near 
spherical shapes in the other blends. The sizes of the disperse 
phase ill the blends conta illing 259~ of the llEVA with the lowest 
hydruxyl content (6.~ OH groups per 1000 carbon atoms) are 
comparable with similar blends of Nylon ·12 and HDPE. 
.: 
PHASE STRUCTURE OF NYLON 12 (75%)- HEVA (25%) BLENDS 
TRANSMISSION MICROSCOPY 
6.4 OH groups /1,000 C atoms 
16.6 OH groups /1,000 Catoms 
28.5 OH groups /1,000 C atoms 
. 44.5 OH groups /1,000 C atoms 
Plate9 . 
PHASE STRUcruRE OF NYLON 12 (75%) - HEVA (25%) BLENDS 
SCANNING ELECTRON MICROSCOPV 
, ! 
6.4 OH groups /1,000 C atoms 
X 2,000 
16.6 OH groups /1,000 C atoms 
X 3,000 
( 
28.5 OH groups /1,000 C atoms 
. X 5,500 
44.5 OH groups /1,000 C atoms 
X 2,000 
Plato 10 
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An examinution of the low temperature fracture surfaces 
of the 25% JIEVA blends by S.E.H. yielded some interesting results. 
As clln be seen from the photop;l'a'Phs (Plate 10), the introduction. 
of hydroxyl groups into the disperse phase increased the 
interfllcisl adhesion to the point "hcre the phose structure is 
barely diccernable from the fracture surface. The m;VA hlenu 
possessing the sharp elongated disperse .phase (tIlat is, containing 
1111.5 OIl groups per 1000 carbon atoms) yielded n stepped fracture 
Rurfnce which is not charact.eristic of any of the previous hI ends 
examined. 
5.·6 l'ENSILE smffiSS-STRAIN Pllopmt1'lES 01' NYLON 12/nEVA DLl<]{IlS 
The results of the tensile stress-strain testing of 
Nylon 12jnEvA blends are shmm in Table 11 and summnrilletl in 
Graph 19. 
As can be seen from the graph of tensile s trcngth against 
percentage vinyl alcohol in the IlEVA polymer. the inclusion of 
any OH groups 011 a polyetllylene chain increases the tenane 
st.rengt.h both at yield and break. In the ~nalysis of the reeul ts 
of the Nylon 12jHDPE blends, it was proposed that the continuous 
phase of the blend carried the majority of the stress since the 
interfacial adhesion was poor. 'l'herefore, the effect of the 
addition of OH groups onto IlDPE, .which results in higher tensile 
strengths, suggests an increase in interphase adhesion, probably 
due to hydrogen bonding between the phases. 
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TENSILE STRENGTH OF NYLON 12· HEVA BLENDS 
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The elongation at break of the blends containing 25% by 
weight of liEVA show premature failure for all the blends except 
HBV,4j16.6. 
The shapes of the stress-strain curves for Nylon 12jIlEVA 
blends arc similar in all cases to the respective curves for 
Nylon 12/iiDPE blends. 
No attempt was made to measure tensile modulus in this 
series of blends since the results obtained from Series n blends 
showed that "hilst blends were observable over a series of blend 
ratios, single point detel"lIlinations ,,,ere, not accurate enough 
without using an impractical ,number of replicates, and hence 
determinations at a single blend ratio could not be relied upon 
to give comparable results. 
5.7 TIlE HIPAC'P STnENGTJI OF NYLON 12!IlEVA BLENDS 
The results of the impact strength measurements on the . 
series of Nylon 12/llEVA blcnds are shown in Table 11 and summarised 
in Graph 20. As can be seen from the graphs, the blends containing 
IlEVA at the 10";6 level sho,,, an initial drop in impact strength to 
a steady value with increasing substitution of hydroxyl groups 
in the polyethylene chain. This decreose is interesting, since 
it might "ell have been expected that an increase i'n interfacial 
adhesion would lead to an increase in impact strength. The 
decreased value is still, however, higher than the impact strength 
of the Nylon 12 alone. 
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The blends containing 25~~ by weight of HlWA again show 
an initial decrease in impact strength, but in this case it is 
follO\~ed lly 8 steady rise to a value above that of the comparable 
unsubstituted IIDPE blend. This behaviour presumably indicates 
that while the inclusion of llEVA in place of IIDPE IC3ds to an 
initilll drop, the increase in interfacial ~dhcsiol1 with increasing 
hydroxyl content leAds to a higher impact strengt.h. 
5.8 DENSITIES OF NYI.ON 12!I1EVA nLmm~ 
'I'he calculated and experimental densities of the blends 
are shown below:-
Blend 
No. ' 
D5 
D6 
D7 
D8 
No. of OH 
grpups/ 
1000 C 
atoms 
16.6 
wt. ~6 
of IlEVA-
25% 
Theoretical 
Density 
gfllll. 
1.0015 
1.006" 
Experi-
mental 
Density 
gfftll. 
1~0010 
1.0058 
1.0097 
1.0315 
'Density 
difference 
Theor. -
Exp. 
+0.0005 
:-0.0015 
-0.00:)3 
-0.0211 
The results of the density variations in this series of 
bleilds may at first sight appear to be in opposi tion to those 
sho.m above for hi ends of Nylon 12 and ITDPE. ITowcver, t.his 
behaviour is presumably due. to the "contraction effect" postulated 
by Aleksen1w (87,88) and is in line with the mutual polymer 
diffusion work carried out by Len~ (121,122). These results 
indicate that the introduction of hydroxyl groupings into a 
polyethylene chain renders the polyethylene polymer partially 
compatible with the Nylon 12, at least in the melt phase, tlms 
I 
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enabling mutual diffusion between the phases to take place. 
Conditions employed:- Sample weight = 3.0.:t0.1mg. 
Heating rat~ 
D.S.C. traces were obtained fG~ blends Di-DB, and the 
peak temperatures and heats of fusioll for the endotherms of the 
I~A were calculated. 
Due to an unresolved inst.rument fault, t.be results for the 
heats of fusion were not obt.ained to the accuracy of previou.s 
measurements. lIm{ever, the results did qualitatively indicate 
that the crystnllinities of the components were similar to the 
. unblended polymers, thus showing that the blendillg procedure had 
not appreciably altered the crystalline state of the polymers. 
5.10 DISCUSSION 
The eval uationof this series of hlends has been some~{hat. 
complicated by the effect of two inter-related variables: the 
inclusion of hydroxyl groups to increase interfacial adhesion, 
and also possibly introduce limit:!d compatibility, and the effect 
this, in turn, has on the phase structure of the blends. Since 
the mechanical properties of the blends are .dependent upon both 
these variables, it is difficult to separate the cause and effects 
in order to examine solely the effects of increased interfacial • 
adhesion. 1I0l{ever, the results throw interesting light on the . 
structure of these blends. 
I 
I 
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As has been indicated, with increasing hydroxyl content, 
the phase structure of the blends becomes much more diffuse -
as shown "hen examined by both optical .trensmission microGcopy and 
S.E.M., of fracture surfaces. This ia presumably due to on increase 
in the compatibility of the polymers, particularly when in the 
mol ten state. Density measurements have sho,,'ll an increase in 
thccxpcrimental densities of the blends vith higher hydroxyl 
content. As indicated, this is in line "ith the theories of 
. Ale\<senlco (87,88) and the 'fork of Lenz (121,122), and shows that 
interfacinl adhesion occurs between the b,o polymers due to mutual 
diffusion at the interface3 in the manner proposed by Voyutskii (127). 
The apparcnt maintenance of the crystallinity of the components 
on blending indicates that the mutual diffusion does not seri.ously 
affect the crystallisation of the· phases. 
rhe increase in ccmpatibili ty .and interfacial adhesion is 
refbcted in the increase of the tensile strength properties of 
the hydroxylated polyethylene blends over the blends containing 
the unmodified polymer. The impact properties of the blends 
indicate an initinl decrease in impnct strength followed by a 
slight incrense·with increesing hydroxyl content of the 
polyethylene. This behaviour is noted in both the 10% and 25)'. 
llEVA blends. The absence of voiding around the disperse phase 
in these blends would inhibit the impact improvement mechanism 
proposed in Chapter 3. This could account for the observed 
(lecrease in impact strength, the Inter increase being due to the 
effect of the improved compatillili ty with higher hydroxyl group 
content of the disperse phase. 
I 
I 
It is interesting to note that the increase in 
compatihility Bnd interfacial adhesion hrought about by the 
inclusion of hydroxyl grouping in the disperse phase is not 
reflected in as large 8 chnnge in physical properties as might 
have been anticipated. 
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CHAPTEl! 6 - BLENDS OF NYLON 11 waIl NYLON j2 
6.1 INTIWDUCTION 
A limited number of blend ratios of Nylon 11 with. Nylon 
12 were examined as examples of a compatible blend system where 
interfacial adhesion should be at. a maxirmlln. It may appear 
anOlllalous to refer to "interfacial adhesion" in blend systems 
of such similar polymers, "hich may be expec.ted to be truly 
compatible particularly in the melt.. Ho"ever, des!,i te the close 
similarity between them, they would be expected to crystallise 
separately thus introducing some degree of phase separation. 
6.2 MATERIALS 
The Nylon 11 selected for this evaluation waD Ililsan DHNO 
supplied by Aquataine-Organico. This material is a natural, 
medium viscosity moulding grade, containing no additives. 
6.3 PREPAHATION OF BLENDS 
A series of six blends were prepared by melt blending, 
using the Brabender Plastograph as before. In view of the 
slightly higher crystalline melting point of Nylon 11, the·.blends 
o 
were prepared at the higher melt temperature of 220 C. Details 
of the blend constitutions, forming Blend Series E, arc given 
in Table 12. 
. , 
6. It TENSILF. STnESS·STHAIN 1'11OPF::R'rIES OF NYLON l1/NYLON 12 DmNIJS 
'fhe results of the stress-strain testing of these 
blends are shown in Table 13 and summarised in Graph 21. As 
can be seen from the results, the blending of Nylon 11 with 
Nylon 12 has very little effect on the tensile strength 
properties of the blend. 
A significant observation 'Was that the blends of these 
two nylons, in common with unblended nylons, did not whiten 
in the drawn portion of the dumbell test specimen whilst the 
tensile tests were being performed, as did Nylon 12 blends with 
the other polymers evaluated. 
6.5 ,llII'ACT STRENG1'1I OF NYLON 11/NYLON 12 BLENDS 
The resnl ts of the impact testing of the blends are 
shown in Table 13 and summarised in Graph 22. 
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As can be scen from the rl!sults, there is a steady 
progression in impact strength with varying blend ratio from the 
weaker to the stronger product (that ill, from Nylon 12 to Nylon 
11). 
6.6 TIlEIDlAL ANALYSIS OF ;"YLON l1/NYLON 12 BLENDS BY D.S.C. 
Conditions employed: - Sample weight 
neating rate 
= 3.0.:!:. O.lmg. 
20°C/minute. 
D.S,C. traces were prepared for the series of blends. 
RO'1cver, because of the closeness of the melting points of the 
two polymers, it ~~s found impossible to separate the melting 
endotherms completely to enable area measurements to be made. 
60 
50· . 
40 • 
20 
10 
o 
100 
o 
TENSILE STRENGTH OF NYLON 12 - NYLON 11 BLENDS 
o 
)( 
o Tensile Strength at Yield 
X Tansi:o Strength at Break 
BO 
20 
60 
40 
graph 21 
40 
60 
v 
"G-
20 
. BD 
137 
o % NYLON 12 
100 % NYLON 11 
6 -
6 
z: 
I 
u 
3. 3 
! 
2 • 
, . 
o 
'00 
o 
IMPACT STRENGTH OF NYLON 12- NYLON 11 BLENDS 
80 
20 
60 
40 
o 
graph 22 
40 
60 
20 
80 
138 
( 
o %fNLON'2 
100 %NYLON " 
The pelllc t.emperatures were:- o o· Nylon 12, 185 C, Nylon 11, 194 C. 
From the trace for Nylon 11 alone, it was possibl.e to 
caleulat.e the heat of fusion as 64.5 J/:r, (15. 1, cllls/g) ~·,·hich 
is of a similar order to Nylon 12 61.6 J/g (14.7 cals/g). From 
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a visual observation of the trace of blend Elt (50:50, 'Nylon 12j;'Iylon 
11), it was noticed that the Pilule height of Nylon 11 wes nearly 
three times the height of the Nylon 12 peak. By applying, an 
analysis to the ratio of peak heights similar to that applied 
to the double polyethylene crystallisation peaks in the next 
chapter', it was calculated that the heat of fusion involved uith 
the Nylon 11 pea\( was 77.5 J/g (18.5 cals/g) compared ,dth 
26.0 J/g (6,2 cOls/g) for the Nylon 12 peak. This would seem 
to indicate that by blending Nylon 11 and Nylon 12 the 
crystallinity of the Nylon 11 is increased whilst that of the 
Nylon 12 iD decreased. 
A similar phenomenon has been reported by Hitomo for 
blends of Nylon 6 und Nylon 66 (131) and also Nylon 6 and Nylon 12 
(132), prepared by coprecipitation. In both these cases thc, 
crystallinity of the higher mzlting nylon is slightly increased 
and that of the lower melting nylon reduced. Hitomo. has proposed 
that these observations arc due to th;! lower mel tin(~ nylon 
maintaining mobility in the system during the crystallisation of 
the higher melting nylon, thus enabling a higher degree of 
crystallisation to be attained. Upon the subsequent crystallisation 
of the lower melting nylon, the diluent effect of the solid 
higher melting nylon reduces the.crystallinity of the former. 
I 
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6.7 DISCUSSION 
D.S.C. measurements indicate that the component nylons in 
these blends tend to crystallise separately, as waa expected. 
Results from crystallinity measurements on the 50:50 blend indicate 
that the crystallisation of the Nylon 11 is aided by the p~esence 
of the lower melting Nylon 12, whereas the crystallisation of the 
Nylon 12 is impeded. The mechanical properties of the blends 
show no unexpected behaviour, being intermediate bet"een the t,~o 
components. 
," ." 
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CIIAP'l'E1t 7 IIDPE SUll'ACE CHYS,!'ALLISA'fION 
7.1 IlYPOUIESIS OF HOIlH'IED SURFACE CRYSTALLISATION 
As previously indicated, the crystallisation eT-othorms, 
for polyethylene in the blends containing less than 25~~ by 
weight of IIDPE show a double crystallisation peak. The higher 
peak occurs at a temperature of 1230 C and the Im{er peak at 
A visual inspection of the peaks immedi.at.ely shows tha t 
as the percentalle of HDPE in the blend ~ecreoses, the lower peak 
becomes more prominent in relation to the higher one. This 
suggested a relationship between the peak sizes and the particle 
sizes of the disperse phase., The hypothesis was put forward 
that the lower crystallisation peak was due to the formation' of 
a surface layer of material of lower crystalline melting point 
-on the surface of the, 'disperse phase. This layer could be due 
to either a separate surface crystallisation of the IIDPE or a 
surface cocrystallisation of the IIDPE with the Nylon 12. The 
lat,ter explanation 'fas felt to be unlil<ely since densi ty 
measurements had shown that shrinkage of the phases, with 
consequent voiding, took place in this region and it is unlil<ely 
that cocrystallisa'tion would take place as the phases were 
shrinldng apart. 
In order to check the feasibility of the hypothesis, a 
series of calculations were made, utilising the data available 
and making certain assumptions. These assumptions were:-
(i) That the area of the peaks in question is directly 
proportional to the height. 
, 
" 
B2 B3 
B4 
20 % HOPE - 80 % NYLON 12 25 % HOPE - 75 % NYLON 12 
5 % HOPE - 95 % NYLON 12 10 % HOPE - 90 % NYLON 12 
B4 
) 
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DSC CRYSTALLISATION EXOTHERMS FOR HDPE 
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(ii) That the average particle size estimates obtained in 
Chapter 3 are correct. 
(Hi) That a crystalline sldn of constant thickness is formed 
over all the surface of the disperse IIDl'E phase, irrespective 
of particle size. 
(iv) That initially at least, this skin has 0 similar d2gree 
of crystallinity to the core of the disperse phase. 
(Even if this latter assumption is shown to be false, the 
principle is still valid ond the actual results could be 
modified for change in crystallinity). 
The first assumption, that peak height.s are proporti.onal to peal< 
areas, is shown to be true, at least over a limited runge, by 
the "analysis of other results in the same series of measurements. 
Graph 23 shows that the relationship is valid for a series of 
results, providing that they" are all obtained on the same instrument 
sensitivity range. 
If one considers that the disperse phase consists of 
spherical particles, of diameter d2, which are composed of a core 
of diameter 01 and 8 skin of thickness i~l :-
2 
let the volume of the core = A 
volume of the skin = B 
then, 
Volume A = i 'IT (~l f 
Volume D = i-rr [(~2f- (~1}31 
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RELATIONSHIP BElWEEN PEAK HEIGHT AND PEAK AREA FOR HDPE. 
DSC CRYSTALLISATION EXOTHERMS 
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Using this relationship, a series of theoretical curves 
Dlay be constructed relating iohe volume ratio D/A to the thickness 
of tIle surface layer, (d2 - dl )/2 for various overall diameters 
of particles. Theoretical curves for the average particle sizes 
of the disperse phase in blends D2, D3 and Dll have be~n 
constructed in Graph 2". The average particle sizes used were 
obtained microscopically, as described in Chapter 3. 
By reference to the practical results obtained from the 
D.S.C. traces on blends D2-", a practical measurement of the 
volume ratio D/A may be obtained, bearing in mind the assumptions 
made earlier. It ,"'8S sho,m previously that the crystallisat.ion 
peak heights were praportional to the peak areas, which, assuming 
that the degree of crystallinity of the core and the skin ore 
similar, are therefore proportional to the volumes of the core 
and the skin. Thus, if 0' ratio of the two peak heights i!l taken, 
this is a practical measure of the ratio B/A, and hence an 
estimate- of the sIein thiclmesa for each blend may b", obtained from 
the appropriate master curves in Graph 21,_ 
One of the assumptions made earlier was tha,t a crystalline 
skin of constant thickness is formed irrespective of particle 
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MASTER CURVES RELATING VOLUME RATIO TO TIIICKNESS 
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size. Therefore, for this hypothesis to be tenable, values of 
crust thickness for each blend should be similar:-
Dhnd Av"rag" Peal, Ht. 
at 119°C 
to D, vol. 
of slcin 
Peak IH 0' Ratio 
D/A 
Crust 
Thickness No. Particle . at 123 C. 
D2 
D3 
D4 
Size 
1.~ 2.9mm 
·2.~ 4.5mm 
3.~m 3.151010 
Table 
to A, vol. 
of core 
1.57= 
4.85mm 
7.15mm 
14 
1.57 0.20~1 
0.93 0.19j'P-m 
0.4'1 0. 209U-m 
The values obtained from the master curves for the crust 
thickness are 0.202, 0.197 and 0.200pm. These figures are 
acceptably constant. 
The practical D/A ratio for blend D5 ,{as found to be 
difficul t to measure because, al thcugh a sligbt shoulder t.o the 
main peak was discernable, it was difficult to define its position 
exactly. IIowever, by calculation backwards from assuming a crust 
thickness ofO.~m, it was possible to calculate the theoretical 
position of this shoulder. The calculated value was in good 
agreement with the observed position. 
If it is assumed that the crystallisation exotherm is 
due to surface crystallisation of the m)PE alone, ond not to a 
cocrystallisation of IU)PE and Nylon 12, then it is possible .to 
calculate the heat of fusion and hence estimate the cr~ystallinity 
of the skin of the disperse phase alone. 
For example, considering blend B2, 95"~ Nylon 12, 5~~ IIDPE. 
From Table 14, sample weight = 21. 2mg, that is , 20·. 14mg Nylon 12 
and 1.06mg lIDPE. 
," 
, 
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Ratio n/A = 1.57: 1 
lIent of crystallisation of the twin peaks = 
239.1 J/g (57.lcal/g) 
Heat of crystallisation of blend B15, i.e. pure JIDPE = 
240.7 J/g (57.5cal/g) 
Since the ratio of peak heights = ratio of pcal{ areas = 
ratio of heats of crystallisation associated wi th each pealc, then 
the heat of crystallisation associated with peak A = 239 • .1 
2.57 
= 93.0 J/g (22.2cals/g) " 
the heat of crystallisation associated with peak B '" 239.1 x 1.57 
2.57 
= 146.1 J/g (31'.9caI8/g) * 
* calculations basetl on total "eight of 
JIDPE for peaks A and B. 
If the assumption is made that peak A is due to the 
crystallisation of the core of the ,lisperse phase,· and this 
material crystallises in the normal ImPE manner to give a heat 
of crystallisation of 240.7 J/g (57 .5cal/g), t.hen the weight 
of ImPE associated with this crystallisation is: 
93.0 1.06 = 0.39rng. 
240.7 x 
Therefore, the weight of JIDl'E associated with crystallisation 
peak n is 1.06 - 0.39 = 0.67mg. 
If the 0.67mg of material associated with crystallisation 
peak B crystallises alone, rather than cocrystallises, then the 
heat associated with this peak = 11,6.1 x 1.06 = 231.1J/g (55.2cals/g) 
0.67 
. 
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Similar calculations on blends nJ and ni, yield similar 
values for the heat of crystallisotion of thc surface layer. 
This figure of 231.1 Jig (55.2 cab/g) agrees very well 
\tith the value of 2/.0.7 J/g (57.5 COls/g) for the normally 
crystalline DDPE. 
From the above calculations, and the unlikeliht'od of iso-
morphotis coc,rystallisation of HDPE and Nylon 12, because of th"e 
vast differences in the polarity of t!.c molecules, the cvidenc~ 
would seem to indicate that a surface crystallisation of DDPE 
alone was the likely explanation of the second crystallisation 
exotherm observed. In order to confi1T.l this, attempts werc 
made to reproduce the split peak of sl!MIll particle IIDPE in a 
matrix other than Nylon 12. 
'7.2 ' PnEPAMTION OF SHALL PAIlTICLE IIDPE 
o. 27~ IIDPE was dissolved in boiling toluene under reflux. 
The solution was' then allowed to cool '.,<1dls't' lJ(;Ing vigorously 
stirred by \!lCBnS of a SiJ.verson high speed homogeniser. Fine 
particle JIDPE pl'ecipi toted out on cooH:ng but tended to form 
agglomerate's on staJl(ling. The lIDPE wan' 'separated from tlie toluene 
by centrifuging followed by washing wiith methanol. It was then 
in the form of agglomerated fine part.ii.cl.ea' and was dried under 
o 
vacuum at 50 C for 48 hours to remove- "'ny traces of toluene or 
methanol. 
,-
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7.3 DISPEl1SION OF SI\i\LL PAllTICUo; IIDPE IN A llEDIUM 
Silicone oil was origill1l11y considered to be a suitably 
inert medium for the dispersion of the IIDl'E. Approximat,ely 5% 
IlDPE in Silicone oil was placed in an agato high speed vibrating 
microball mill end milled for fifteen minutes,_ However, the 
IlDPE \f3S 'found to clump and not disperse in the oil, probably 
,due to electrostatic charging of the particles. 
By contrast, the HDl'E was found to disperse readily in a 
polar phosphate ester (tritolyl phosphate, T.T.P.). EXA~linati()n 
of the dispersion under the microscope shOlfed particles of 2}!:n 
ami less, well dispersed. Nevertheless, upon heating the T. T.1'. 
dispersion in the D.S.C. cell prior to ,n cooling scan, th(! IlDl'E 
was found to agglomerate on melting. 
Attempts were then made to produce a "solid solution" "f 
IlDPB in potassiuDl bromide. prepared in a similar manner to 
potassium bromide I.R. disc". On cooling the dispersion in the 
D.S.C. cell, premature nucleation of the rlDPE took place, resulting 
in Illl increase in temperature in the position of the crystallisation 
peak. 
Successful attempts at producing a suitable dispersion "('re 
finally achieved by dispersing the IIDPro: in 8 liquid epoxy resin 
and curing prior to the D.S.C. run. JI.. cdouble crystallisation peaJc 
for the IlDl'E was then just detected. 
, 
, 
I 
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7.1, EVIDBl\CllOn TJIE SunFACE CIlYSTALI.,ISATION OF IIDPP. 
The results obtained in the previous section, i:howing that 
it is possible to obtain a double crystallisation peak for IIDPE 
in a matrix other t.han Nylon 12, show that the double peaks 
obtained in t.he D.S.C.· thermogroms of Blends D2, B3 and D4 are 
not due to an isomorphous int.erfacial cocrystallisation of Nylon 12 
and IIDPE. The double peaks are therefore prestunably due to t.ha 
surface crystallisation of IIDPE.. The 'calculation indicates that 
I 
the heat of erystallisation of this surface layer is similar to 
that of IIDPE in the hulk. The original calculations on the thick-
ness of the surface layer, giving a value of O,~, are t.herefore 
correct • 
. The implications of the above findings are. that JIDPE of any 
size can crystallise to give a layer at the surface of lower 
crystalline melting point, and it is only when the dimensions of 
the hulk of lIDPE crystallising ore small, that the volume of this 
surface layer becomes comparable with that of the bulk and hence 
. detectable by thermal analysis. 
'rho conclusion may be drmm from this work that IIDPE can 
crystnllise to give a surface layer in any shape or form, thnt is 
on any article from washing-up bowls onwards. Hm{ever, a factor 
which must be considered is that the surface against ,{hich it is 
crystallising could '{ell hove an effect on the surface' crystallisation 
In both circumstances in which it was observed, the surface 
against which the IIDPE WBS crystallising was a smooth, IJolar, 
polymer surface. In fact, when the surface was compressed potassium 
bromide, it was found that this caused nucleation. Therefore, it 
15Z 
is probable that, for exsmple, the surface of an injection mould 
would cause crystallisation in 8 different manner from that 
observed above. 
-. 
, . 
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CHAPTER 8 COATED FILLEltS 
8.1 INTIWDUCTION 
In the evaluation ot the physical pl'op;)rties of Nylon 1::/ 
IIDPE blends, it was observed that the blends with a Nylon 12 
continuous phase had reasonably maintained physical properties 
whereas the blends with polyethylene as the matrix phase had yery 
inferior properties. This was discussed at length in Chapter J. 
The general cont!lusions were' that in the system wi th the Nylon 12 
matrix, the disperse phase contracted to 'relieve any stress in 
the system. When HDPE was the continuous phase, it contracted, 
on crystallisation, around the already solid disperse phase, lending 
to the formation of stress concentration and flaws which provided 
sites for premature failure. The behaviour of the latter, Nylon 12 
dispersed in IIDI'E, was considered analogous to the inclusion of 
fillers in IIDPE, where it would seem probable that a similar failure 
mechanism could be applied. 
It seems reasonable to suppose that, in a system containing 
inclusions in a continuous phase, if the inclusions can be arranged 
to contract at a temperature below the crystallis\itioll t.emperature· 
of the matrix, thus relieving the strain, thcn the physical 
properties will be substantially maintained. It is therefore 
proposed that the performance of fillers in crystalline thermo-
plnstics could he improved by conti.ng them with a crystalline le.yer 
which would crystallise at (I temperature below the matrix. Any 
stresses due to the shrinlmge of the matrix phose onto the fillers 
would then be relieved by the contraction of the coating aB it 
crystallises • 
• 
.. 
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This is a very different approach from another recent 
approach to filler performance improvement - Cereplast TecllIlology 
(133). The Cereplast techni'lue is to coat. tJl(, filler with a 
polymerisable polyfunctional monomer and an initiator so that on 
, incorporation into the polymer a crosslinked coating is formed 
on the fil1er leading to R "graded seal'" af intermelliate modulus 
between filler particle and polymer. It is claimed that the 
presence around the filler particles of an encapsulAnt consisting 
of a highly cross linked or rir;id polymer of fInite thicJlneS8 Am! 
havin.g a modulus of one tenth of that of the 'filler, serves as an 
enorgy shoc]r absorber "hich prevents excessive s'tress concentration 
at the polymer filler interface. 
-~;.o other systems of coating fillers are also comn1only 
used, si lane treatments, to improve polymer-filler adhesion,and 
treatment with surface active agents, to improve l{ctability of the 
filler by the polymer. 
Since all these conventional techniques rely upon the 
enhancement of adhesion bet"een the filler and the matrix, the 
. , 
possibility of a technique "hich is dependent upon poor adhesion" 
was thought to be worthy of further investigation. 
The system selected for the initial .investigation was 8 
prec ipi tuted· calcium carbonato filler coated ,d th BDI'E in a Nylon 
12 matrix. This was chosen to minimise the variables and to enable 
comparisons to be IAade with previous work on Nylon 12jm>PE hlends. 
, " 
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8.2 HA'I'mUALS 
(i) Filler 
. (ii) 
The filler chosen wall a predl>Haterl. calciulI\ carbonat.e 
with a calcite crystal structure, Sturcal L,supplieu by 
John and E. Sturge Ltd. It is charr.cterised by a particle 
size of G-18),lD and 11 surface area (by nitrogen absorption) 
<) 
of t.m-fg • 
High Density Polyethylene 
The TlDPE lised for continf~ the fillers WIIS siniilllr to 
that used for: the previous work - a Ziegler polymerised 
material supplied by Shell, Grade 6o-oot. with a melt flow 
index of O.t.g/10 minutes and a density of O.96f.lcc. 
(Hi) Nylon j2 
'fhe Nylon 12 selected for this investigati.on '18S a 
lm{ viscosi ty dip coating polymer marl<eted in pm;der form 
by Plastic Coatings Ltd. designated Vl'75 (Natural). 1'l1e 
polymer is believed to have been manufactured by ntlle and 
is characterised by a relative solution viscosity, [11.J 
of 1.11 measured in O.5~~ solution of m-cresol using an 
Ubbelohde No.2 viscometer (DIN 51 562). 
A powder blend of Nylon 12 was chosen so that tumble 
blends of the polymer with the fillers could be made prior 
to melt blending, to aid dispersion and reduce the wor]< 
done on the system. The polymer was chosen to have a lower 
melt viscosity than the coating JllJrE material (llrllbender 
Torque value for the Nylon 12 was only 307~ of t.he torque, 
value for the IIDPE). This was to avoid the possibility of 
, ',. ' 
the Nylon 12 "'fiping off" the coating polymer from the 
filler surface during the melt blending. 
8.3 COATING OF TIlE FILLERS 
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The ROPE coated fillers were prepared in 50g. batches by 
the procedure outlined helm.. The levels of coating Wl're ini tia Hy 
1, 3, and 5% by weight of JIDPE on the calcium carbonate. lIigher 
levels, 7.5 ond 1er), were later investigated in nn attempt to 
extenci the rangp-o lTowever, it 'WAS found impossible to obtain an 
evenly coated free-flowing product ot these levels by the techni'lue 
used. 
The appropriate weight of JIDPE was dissolved in toluene 
(350-500mls) by boiling under reflux. 50g.·0£ pr~cipi.t!lted calcium 
carbonate were placed in a one-litre flask attached to a rotary 
evaporator and preheated over a steam bath. The toluene solution 
of lIDI'E was then added to the filler and the slurry allowed to 
blend. The toluene was stripped from the slurry under reduced 
pressure, leaving a dry free-flmring coated filler. A small number 
of porcelain balls were added to the slurry to prevent the formation. 
of aggregates. After the removal of most of the toluene, further 
drying was accomplished in shallow trays in a vacuum oyen at 600 c. 
8.4 INCOJU'ORATION OF FILLF.Jt INTO NYLON 12 
A series of blends of Nylon 12 with the fillers WAS 
produced: this is Blend Series F, detailed in Table 15. 
The blP.ndiug WRS carri.ed out All a two stage operation. Thf' 
Nylon 12 powder and the .filler were dry blended by pouder t.umhlinll 
.. 
.... r 
; 
! 
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techniques prior to melt blending for five minutes at 20006 in a 
I3rabender Plastograph, following the procedure detailed in 
Chapter 2. 
. 0 
The filled polymers were cOl"pressioll mould.ed Ht. 200 C 
to give sheets 150mm x 50mm x 1.5mm, suitable for flexufliil mod.ulus 
ond shear strength measurements. After the measurement!.! "ere 
completed the samples were remoulded to give samples 
75nnn x 5Or..m x 1.5rnm for impact strength measurements. 
8.5 S.li:tf. EXM!lNATION OF INDIVIDt~AI, PTI,J,Jill P.\1tTICLF.5 
Filler particles were coated onto glass cover slips from a 
dispersion in acetone. The specimens were metal coated and 
examined by S.B.C. (Plate 11). 
Examination of the filler revealed particles with a fluffy 
appearance, composed of agglomerates of calcite crystals. '111<! 
. measured particle diameter ranged from ~m to iF (literature 
value quoted 6-1~m) (13q). 
The HDPE coating of the particles was not readily detectecl 
by S.E.H., there being only a ~light indication of a "rounding· off". 
of the sharp crystalline features at the higher coating levels,. 
The coating polymer certainly did not fill the interstIces in 
the particles. 
8.6 S.E.N. EXf.mNA1'ION OF FILLED POLTIlElt FltACTUllESURFACE 
The examination of the fracture surfaces of the filled 
polymer systems by S.E.H. yielded little information since the 
uncoatcd filler pllrticles .. ere not Nsdily detectable in the 
general fracture pattern of the polymer. TIowever, the fillers 
SEM EXAMINATION OF FILLER PARTICLES 
'. 
UNCOATEO STURCAL L 
X 3,000. 
STURCAL COATED WITH 5% HOPE 
Plate 11 
SEM EXAMINATION OF FRACTURE SURFACE OF FILLED NYLON 12 
UNCOATED FILLER 
X 12,000 
3% HOPE COATED FILLER 
5% HOPE COATED FILLER 
~-~ .-1+, 
Plate 12 
, . 
. , 
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with the higher levels of coating yielded fracture surfaces in 
which the characteristic. nodules of polyethylene particles were 
observed (Plate 12). From the photographs obtained, it was 
impossible to judge whether the polyetltylene was sti,ll encapsulatIng 
the filler or whether it had been stripped from the su~face and 
had agglomerated separately during the mixing operation. 
A comparison of the appearance of the individual filler 
particles prior to incorporation into the Nylon 12 with the nodules 
observed in the fracture surface indicates that they are of 
comparable dimensions, but that the nllldules in the fracture surface 
are of far smoother appearance. This could be due to either the 
polyethylene agglomerating separately or to the coating on the 
. filler particles snioothing out the filler crystalline structure 
on fusion. 
8.7 EXAHINATION OF FILLED POJ,YJ.n'Jts BY 'l.'ItmSFfISSION OPTICAl, HICnOSCOI'Y 
An examination of the structure of the filled polymers by 
this technique was found to be impraC"t;i.cal because the particle 
sizes of the fillers prevented the preparation of microtomed 
sections thin enough for examination. 
,-
.' 
8.8 FLEXUR~HODULUS OF FILLED NYLON 12 
. .
The flexUCti1l modulus of the f'iUed Nylon 12 was determined 
using a Davenport Flexutlil. Nodulus APl"'I11'atus. In' this apparatu~, 
a beam of the material under test is $Upported at both ends and 
loaded in tbecentre, the load .being ml,justed to yield a strain. 
at the midpoint of approximately O.2ffo •. The specimen.is allow~d 
.. 
. ' 
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00 
to creep for sixty seconds IIfter application of the load, before 
the vertical deflection of the beam is accurately measured. The 
measured sixty second creep modulus at 0.2')6 strairi is therefore 
a good indication of the rigidity of the material under test. 
Procedure 
The apparatus was designed and calibrated in Imperial Units;, 
Measurements and calculations were therefore made in these units 
and then converted to S.I. units. 
Specimen Dimensions = 3B .. 1mm x 12.7mm x"l.5mm 
(1.5" x 0.5" x 0.060·!) 
Ten replicates of each material were tested. 
An initial test was required for each material in order 
to determine the load needed to apply a strain of 0.2')6 to the 
specimen. The replicates were then tested under this load and 
, the deflection measured 'after 60 seconds. 
The flex~ modulus, E, of the material under test was 
calculated from the equationl-
.r -6 ' Eo= W where E = flexual modulus x 10 (psi) 
200,000 x d D 
W = applied load (lbs) 
d = specimen thicJmess (ins) 
D = specimen deflection (ins) 
The re suI ts were corrected to S. I. units and are shmm 
in Table 15 and summarised in the contour graph (Graph 25). 
As can' be seen from the graph, the flexn~ modulus' of the 
Nylon 12 increases with increasing filler content, as would be 
expected. It ia interesting to observe that at any'given filler 
content" with increasing levels of coating the modulus decreases 
to a limiting value in the region of ?l!6 coating. ' 
(. 
( 
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FLEXUItALMODULUS OF COATED FILLERS IN NYLON 12 
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8.9 SIOOIt STm'NGTJl OF THE FIJ,LED NYLON 
The shear strength of the filled !,/ylon 12 compositions was 
determined according to the method given in Cha~ter 2. The res!llts 
are'shown in Table 15. The shear strength shows, very little 
variation with either filler content or coating level. 
8.10 IHPACT STllENGTII OF TIlE FILLED NYLON 
'The 'impact strengths of the filled Nylon 12 systems were, 
determined according to the method given in Chapter 2. The results 
are shown in Table 15 and summarised in the contour graph (Graph 26). 
The poor accuracy and reproducibility normally associated 
vith impact strengths in general made it ~ifficult to determine 
accurate trends with the range of impact values encountered in 
this series. lTowever, the impact strength decreases, as ,anticipated, 
vith increasing filler content. As the coating level is increased 
on the filler, the impact strength of the filled composition' 
appears to pass through a minimum at a coating level of yp 
(a 25~~ reduction in impact strength). At 5% coating, the impact 
strength of the composition is! comparable to those containing 
uncoated filler. The trend appears to be such that fillers vi th 
coatings of greater than ~;; by weight should yield impact strengths 
higher than the uncoat<id fillers. However" att,empts to prepare 
fillers vi th coating levels of 7.5% and Hr,;; were unsuccessful • 
..... i 
" ; 
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8.11 DISCUSSION 
The examination of the fracture surfaces of the filled 
polymers failed to reveal'whether or not .the filler ,particles 
were still coated by the IlDPE. lIowever, the flello("l modulus results 
may be interpreted to indic,ate that the filler particles are still 
encapsulated and are behaving as intended. If the filler 
encapsulant shrinks slightly on cooling, causing a small but 
effective void or "eaitened area to exist arol,ind the particles, then 
the flexual modulus would be expected to be lower than that of a 
polymer containing uncoated filler. This is in line with the 
observed results. If the IIDPE were wiped off the surface of the 
filler, it is unlikely to plasticise the Nylon 12 but would exist 
as a separate phase. In this state it would not be expected to 
, 
significantly alter the fl~ modulus. 1~e shear strength 
results 'show little variati'ons from which conolusions can be drawn, 
except that the dependence of shear strength on filler content is, 
less for co'ated filler than for uncoated filler. 
,The original conception of the coated filler principle' 
,~as that by this technique the physical properties, particularly 
impact strength, of filled systems could be maintained or even 
. improved by the incorporation of a coated filler. However, as 
. con be seen from the impact strength results, this would appear 
not to be so; in, fact, the lo,~er levels of coating exert a . 
deleterious effect. It is possible that the reduction in impact 
strength shown by coatings of )~ and less is caused" by a reduction 
. in 'the filler/Nylon 12 interaction, ·the shrinkage in, the coating 
not being sufficient to compensate for this loss of adhesion. 
i 
, 
I· 
lOti 
At the 5% coating level the two effects just counteract each 
other. It would therefore seem that a, coating level in excess of 
5% may be necessary to give an increase in impact strength~ 
IIigher levels of coating were attempted but unfortunately the 
coating process.as carried out led to aggregation, uneven coating 
and a product unsuitable for incorporation into Nylon 12. It is 
possible thot higher levels of coatings could be produced by 
,different techniques or the use of different solvents. 
'The choice of a different filler might improve this system, 
since the coarse aggregates of calcite crystals in precipitated 
, 
, calcium carbonate would not aid the operation of the proposed 
',"1Ilechanism. Unfortunately, it was impractical to investigate 
this further in this present project. 
The system investigated was chosen to minimise the' chance 
~f ·the "wiping off" of the encapsulant polymer (loW viscosity 
matrix, dry powder blending followed by minimum melt blending). 
, ~t "Would be impractical for commercially produced filled polymers. 
~n this case, either ultra high molecular weight IIDl'E could be 
used if the encapsulant polymer could be lightly crosslinked, 
possibly by ¥ -radiation. A su~ table degree of cross linking could 
,be introduced such that the melt viscosity of the system ,is greatly 
increased without the crystallinity being appreciably reduced. 
This present work has shown that coated fillers, prepared 
.as described, are not satisfactory in the improvement of the· 
'properties of filled Nylon 12. However, more work' is necessary to 
show whether or not this proposed mechanism for filler, improvement 
is capable of yielding good results. 
/. 
ClIAPTEH 2 - CONCLUSIONS' 
The field of polymer blends was chosen for study because it 
has frequently been said that advances in thc near future will be 
Ib5 
in this field of blending and modification of existing materials rather 
than in the development of entirely new polymers. A review of the 
literature r~vealed that tile structure of amorphous polymer blends has 
recently been the subject of a number of scientific investigations 
and suggested that an investigation of crystalline polymer blends 
would be of value. 
Nylon 12 and ITDPE were selected as a representative systcm and 
a range of blends was prepared and examined. No evidence was found 
for compatibility of the components, even ona limited scale. It has 
been established that the interfacial adhesion between them is very 
low." The mechanical properties of the blends and the unexpectedly 
low densities of certain blend ratios were accounted for by thc poor 
interfacial adhesion and the relative shrinkage of the phases. Two 
other critical points emerged:-
(i) the increase in impact strength of Nylon 12 containing up to 
"10'~by weight of ITDPE, for which a novel mechanism was 
proposed. Further work is at present being undertaken to 
elucidate the nature and extent of this reinforcement. 
(11) the subsidiary crystallisation exotherm of the ITDPE phase which 
was revealed by Differential Scanning·Calorimetry. 
Subsequent work showed that this was almost certainly due to 
the formation of .a· separate, lower melting crystalline layer at the 
.surface of the IIDPE phase. 
.. 
/ 
. , 
166 
Two methods were attempted to increase the interfacial 
adhesion between phases:-
(i) the incorporation of a third component to act as a compatibilising 
. (ii) 
agent between the phaaes. This method, which showed some slight 
success in terms of the improvement in the physical properties 
of certain blends, was found to be extremely difficult 'to' 
evaluate with the techniques available and no satisfactory 
results were obtained • 
the incorporation of bydroxylgroups into the IIDPE to improve 
.interfacial adhes'ion by means of hydrogen bonding. This method' 
proved more straight forward and led to some improvement in 
adhesion. However, the resultant improvement in physical 
properties was not great. 
Blends of Nylon 11 wi th Nylon 12 were examined as examples of 
systems with high interfacial adhesion •. These were shown.to possess 
mechanical properties intermediate between the components. Despite the 
similari ty between them, both pol:rmerscrystall. Used separately i.n these 
blends. 
A possible application of the reI a tivle shrinkage of the phases 
found in the blends of Nylon 12 with lIDPE wa~ thought to be in the 
field of coated fillers. The results of a !>riid investigation proved 
inconcltisive, but suggested that this was suttable area for further 
research. 
This work has been of necessity a brom.lI1y-based investigation into 
part of the field of crystalline polymer blemlls, and, as such, it was not 
expected to yield immediate results. Howeven-,,'i t is hoped that it will 
prove valuable, not only by the questions anmwered, but by the points 
raised for further investigation. 
, 
, 
, 
SUGGESTED AREAS Fon FURTHEn nESEARCH 
" 
1. A further investigation into the mechanism of impact strength, 
improvement in the Nylon 12/JIDPE blend systems; with particular, 
attention being paid to the extent of this phenomenon in, 
other polYmer systems. 
2. An examination of the surface crystallisation of HDPE 
possibly by the incorporation of small-particlelIDPE into a 
suitable amorphous polymer, for example polystyrene, followed 
/ 
by X-ray analysis of, the lIDPE surface. 
, . 
3. An investigation into the most effective method, for 
improving interfacial adhesion - block and graft co-
polymerisation of the components. 
4. Since the brief investigation into the proposed mechanism of 
action for shrinkable coated fillers proved so inconclusive, 
this field is worthy of further investigati~n. 
5. The proposal was made in Chapter 1, but not followed.up in 
the practical work, that the temperature effect is important 
~hen considering the solubility parameters of'blend 
components. An investigation of various systems which may be 
compatibie at certain temperatures but not ot others could 
prove interesting. 
j 
, , 
. -.:. 
TABLE 1. 
Series A. Initial Blends of Nylon 12 and HDPE. 
, 
BLEND NO. ' CONSTITUTION BLENDING TEMP. BLENDING Tn{~ 
°c MINS~ 
, , 
A1 NYLCN 12 9r::f/, 190°C 10 
I HDPE 1r::f/, 
BY ~IT. 
.A2 .. 200°C 10 
·1 A3 .. 210°C 10 
, 
220°C 1.4 .. 10 
0 
0' 
I 200 'oC ' . 1.5 ' .. 3 
• 
A6 .. 200 °c 5 
, 
1.7 .. 200°C 7 
, 
1.8 .. 200 °c 9 
-' 1.9 .. '200 °c 12 
A10 .. 200°C 15 
, , 
, 
, '-,' ,. .',' ,,' ... 
i, 
..•.. 
TABLE 2 
Series B, Blends of Nylon 12 with HOPE, 
Blending Temp. = 200°C Blending Time = 7.5 mi~~. 
BLEND NO. NYLON 12 HDPE %BY WT. % BY WT. 
B1 100 0 
B2 95 5· 
.. - , 
'B3 90 10 
B4 80 20 
B5 75 25 
• 
.B6 70 30 
I B7 60 40 
.) 
j BB. 50 50 
B9 40 60 
" 
B10 30 70 
B11 25 75 
.... B12 20 80 
. 
B13 10 90 
B14 5 95 
'. 
B15 0 100 
.. 
";. ',".',','. ",;. c, .. 
, , 
, " . 
"~' 
r 
BLEND 
NO. 
j---
B1 
B2 
Il3 
B4 
B7 
B8 
B9 
B10 
B11 
I 
I 
I 
B12 I 
B13 I 
B14 ! 
. , 
B15 
TABLE 3 
Tensile Stress-Strain Properties of Nylon 121!IDPE Blends (Blend Series B) 
$G HDPE-r;ENSi:L~-~;~/G~-· ~~~;I~~ STRENGTH AVER,\GE 
DRAW S~S 
MM/m 
.,' .. ·-----'---,------·,.--...:......--'-·-·1 
ELONGATION INITIAL HODULUS SECANT ~ODULUS· TANGENT ~ODULUS·I . 
AT GN/m2 GN/m GN/m I IN BLEND j AT YIZW . AT BR~AK ! MM/m MM/m BREAK I 
-'- -t 
o 45.6 
5 42.8 
-I 
10' I 3~;3 
20 31.9 
25 26.8 
30 24.2 
40 20.8 
50 
60 
70 
75 
80 26.8 
90 28.0 
95 28.6 
100 . 29.7 I 
__ "_ ~ ._._. __ .•. _~. __ --i 
54.6 
46.8 
41.8 
31.9 
26.0 
24.6 
i 
.1 
I , 
i 
39.2 
37.5 
34.8 
30.3 
25.8 
23.8 
19.9 
340 
340 
290 
225 
185 
155 
110 
<5 
-I- ----- 1~:~4 
1.333 1.231 
1.211 
1.241 1.108 
1.386 1.128 
1.461 1.275 
1.324 1.226 
1.402 1.074 
.1.491 1.181 
. 1.128 
. 1.108 
1.030 
1.206 . 
1.103 
0.991 
0.873 
1.000 
I <5 1.500 1.069 1.015 
23.8 I 5 1.795 1.344 1.005 
21;6 . I' 5 1.530 1.236 0.946 
20.7 
19.0 
20.1 
26.6 16.7 100 1.461 1.236 0.932 
24.6 17.8 I 1260 1.687 1.226 0.883 
: 
I 
I 
I 
I 
I 
I 
28.7 ! 19.0 . . 11eO 1.608 1.182 I. 0.819 
__ 3_0._5 ___ ~,_18.5 ___ 1--1~7~ __ .t. ____ 1_.7..:,1_6_· ....:....-..:.. __ 1_._21_1 __ ~ __ 0_.8_3_4_~ 
. . . 
at 0.8% strain. 
, 
.' .. 
. 
~.~ . 
I 
BLEND NO. 
B1 
B2 
B3 
B4 
B5 
B6 
B7, .-
. B8 
B9 
B10 
. B11 ' 
B12 
B13· 
'. 
B14 
B15 
TABLE 4 
Mechanical Properties of Nylon 12 - HDPE Blends. 
CONTRACTION SHEAR STRENGTH SHEAR MODULUS IMPACT' STRENGTH 
RATIO 2 
. MN/m FUNCTION kJ/m2 
0.39 33.0 0.552 4.61 
, 
. 0.40 32.0 0.558 6.55 
0.37 31.1 0.583 5.78 
0.25 I 30.6 0.583 3.96 
0.21 21.8 . 0.541 3.61 
0~16 -28.0 0.589 3.34 
0.14 26.2 ' .0.615 -2;56 
- I 23.6 0.508 2.98 
-' 22.0 0.605 2.41 
-
20.3 0.544 1'.'92 
-
18.8 0.513 . 2.00 
. 
-
20.5 - 0.617 1~65 
. 
-
. 20.5 _ 0.606 1.22 
-
22.0 0.499 4.76 . 
-
-
21.9 0.476 16.23 
.. 
--c 
.,.,' ' 
'" 
TABLE 5 
., . Series B. Densities of Blends of Nylon 12 and HDPE )' 
" . ~-
BLEND NO •. ~It % Vol % Vol % THEORETICAL . EXPERIMENTAL ' DENSITY 
HDPE . NYLON 12 : HDPE DENSITY DENSITY . DIFFERENCE 
g/ml. g/ml. '" 
~--.--
.. B1 .. '0 100 , 0 1.0203 
B2 5· 91f.73 5.27 1.0174 1'.0098 0.0076 
" , B3 10 89.49 10.51 1.0145 0.00,58 0.0187 
B4 20. 
B5 25 
79.10 20.90 , 1.0088, . 0.9724 I 0.0364 r 73.95 26.0,5 : 1.00,59 .' 0.9718 I 0.0341 , ,~ : 
. 
B6 30 68.82 31.18 1.0031 , 0.9646 0.0385 
B7 ·40 ' 
" 
,58.67 41.33 0.9976 0.9788 0.0188 , . 
Ba ,50 48.62 51.38 0.9921 ' 0.9887 0.0034 
B9 60 38.68 . 61:32 0.9866 0.9848 0.0018 
. , B10 70 29.0 . 71.0 0.9813 0.9798 0.001,5 
B11 7,5 I 23.97 76.03 0.9786 0.9776 0.0010 
. 
, B12 80 . 19.10 80.90 0.9759 0.974,5 0.0014 
B13 90 9.6 90.40 0.9707 0.9696 ' 0.0011 
B14 95 If.74 95.26 0.9680 . 0.9667 0.0013 
B15 I ' 100 0 100 0.96,54 .. 
~-
" 
.. 
'l'AULl!,; 0 
Thermal Analysis of Nylon 12~HDPE Blends 
. 
. - ... - _ .. -._.. ... . .. -.. -.-.---.--- .• _--,---,-._--,--, 
11 E A TI N G RUN 10 °C/~lIN. COO L I N G RUN 2 °C/MIN. 
HDPE Nylon ~-2------- ----.- -~-~r~;;--.-· --T-~~ylOn 1~--· 
rBL-EN,-TD-l-PE-' A-K-TEi-' .-IP-.'-I!.-II-'-C-RY-S-T-ALL-I-N-IT-Y+P-E-A-K-T-EMP-' - ~~-~r· ~R~STP:L~~Y ~~K TEiJ 1!.1I C~YSTALLINI~~ ;~~. TE~I-I!.~ --lCRY~T~~INITY 
NO. °c J/ g INDEX °c J/ g . INDEX °c I J/ g INDEX ! . °c .! J/ g I INDEX 
1 ) . . i , 
I 
B1 
B2. 
!: 
f "B5 • 
.' 
lEG 
B7 
BB 
B9 
B10 
\
' B11 
B12 
138.0 
137.0 
• 
139.5 
139.5 
139.5 
140;0 
1141 •0 
.141.0 
143.0 
. 
209.8 
220.2 
230.3/ 
231.5 
224;8 
233.6 
255.4 
229.0 
0.884 
0.927 
0.970 
0.975 
0.946 
·0.982 
1.072 
0.964,,, 
-~," 
...... ",,",'.,-
1.117~ .. _ 
.. 1~5.~·-- :~-1-~6-r-·-~·.00 1 _----- .---. 4 15705 -[68'-7--1'- 1.00 
184.3 161.61. 1.00 i m:g239.1 0;992158.0 65.3. j Q.952 
184.2 \'62.8 I ·1.012 11. 123.0 , I 
• 119.0 '224.8 0.934 I 158.5 63.6 
184.0 i57.8 I 0.938 : 123.0 :262.5 1.090 I. 158.5 66.2 
184.0 \61.1 0.993 I 123.0271.3 1.126 I 158.0 68.7 
184.0 \64.9 1.053 I ·123.0 '262.1 1.088 ·158.5 70.8 
185.0 \62.4 1.013 1'123.5 ,,261.3 1.085 158.5 69.1 I , 
1 
I 
i 
i 
0.924 
1.00 
1.01 
1.113 159.0 68.2 184.0 ;55.7 0.905 ! 123.5 ·268.0 
, 
183.0 b4.9 
,I 
0.890 1.129 160.0 
I 
i 
I 
49.4· ! 
I 123.5 
, 
,-! --. 1.085 123.0 
0.991· 
0.986 
265.91 182.8 I 0.919 
143.0 253.7 1.068 182.5. ~4.9 I 0.890 ! 123.0 
i 
1.112 
159.0 
160.5 56.1 277.6 
265.0 142.8 232.4 0.976 182.0 49.0 j 0.795 I 123.0 1.100 160,0 143;1 
0.719 
0.816 
0.630 
0.700 B13 11143.0 255.4 1.076 181.5 50.2 I 0.814 ! 123.0· '258.7 1.074 : • 148•2 
B14 1:11•2•0 , 264.6! 1.111 ! 180.0 51.5 I 0.834 ! 123.5 255.8· 1.062 'L -. ; i 
B15 \142.5 237.8 1.00. - - 1123.5 240.7 1.00 -. 4 I L--_--'!~ _ _'__I_ _ _'_ _____ -'-____ J.. __ .l_ _____ .---__ ...... __ .:__ _. _____ L __________ . 
peaks too brond to detect temperature, difficult to measure area. 
TABLE 7 
Blends of Nvlon 12-HDPE and Third Component (Blend Series C). 
BLEND NYLON 12 HDPE ADDITIVE BLENDU 
NO. WT % WT % WT% ADDITIVE TIHE (HINS) 
C1 74.5 24.5 1.0 STEARAHIDE 7.5 
C2 74.5 24.5 1.0 SARCOS:n S. 7.5 
C3 74.5 25.5 1.0 WA (705'10 VAc) 7.5 
C4 
I 
74.5 24.5 1.0 WA (4C1',6 VAc) , 7.5 
. 
C5 72.5 22.5 5.0' WA (78% VAc) 7.5 ' 
,. ' .' C6 72.5 .22,.5 5.0 EVA (4C1',6 VAc) 7.5 
. 
C7 ' 72.5 22.5 5.0 Poly(ethylene co ethyl 7.5 
, 
acrylate -g- laurolactam) 
. C8 72.5 22.5 5.0 VERSAlUD 930 7.5 
C9 . 72.5 ,22.5 5.0 vERsALON 1138 7.5 
C10 72.5 22.5 5.0 VERSALON 1160 17.5 
C11 72.5 22.5 5.0 VERSALON 1138 12.5" 
C12 72.5 22.5 5.0 ' VERSALON'1138 
" 
12.5" 
C13 95 0 , 5.0 VERSALON 1138 12.5" 
. 
C14 50.0 45.0 5.0 Oxidised polyethylene 12.5* 
C15 50.0 45.0 5.0 poly(ethylene co. acrylic 12.5' 
, , acid) , , 
¥ '-. , ' 
C16 50.0 45.0 5.0 Surlyn A 12.5" 
C17 50.0 45.0 5.0 HEVA (10.1% V;Alc.) 12.5' 
c18 50.0 45.0 5.0 HEVA (16.6% V.Alc.) 12.5" 
C19 50.0 45.0 5.0 HWA (25.4% V.Alc.) 12.5" 
C20 50.0 45.0 5.0 poly(ethylene co ethyl 12.5" 
'acrylate ~g- laurolactam) 
C21 50.0 50.0 0 norne 12.5 
.-. 
• 
. - .. ' 
additive added after 5 mina. mixing. 
./ 
•• j 
• -,I,. 
'. _ ...... "', 
j . 
,TABLE 8 
.. , 
Mechanical ProEerties of Nylon 12/HDPE/Third Component Blends (Blend Series C) • 
.. 
- ... "~~ " .,.. 
BLEND TENSILE STRENGTH ' TENSILE STRENGTH ELONGATION HlPACT 
NO. AT YIELD AT BREAK AT BREAK STRENGTH 
MN/m2 MN/m2 % kJ/m2 
C1 28.5 28.1 270 4.31 
C2 27..6 29.7 260 3.72 
, 
C3 27.7 27.0 ' 150+ 4.20 
C4 29;9 29.6 250 3.45 
C5 28.2 . .. 125 3.82 
" C6 29.1' .. ' . " " 130 , , 3.63' 
C7 33.2 .. 120 ' 3.04 
cB '. 22.8 60 5.08 
C9.· 24.5 90 5.59 
I 
i 
C10 
, ' 
23.5 75 ll.5a. 
C11 23.3 : 80 4.21 
. 
C12 ' 23.1 75 4.82 
, C13 40.9 47.2 280 4.87 
C14 25.5 15 2.60 
.. 
C15 14.8 5' 5.16 
C16 33.0 80 3.71 
C17 31.0 10 3;39 
C18 ' ,32.5 10 ' 3.70 
.. 
, C19 32.1 10 3.65 
C20 30.8 10 4.55, 
C21 21.6 10 3.00 
, 
.. 
. tensile strength at break values inaccurate - failed soon after-
.. 
yield. 
, " 
,-I,. 
TABLE 9 
Thermal Analysis of Three Component Blends • 
. . 
BLEND HDPE COHPOllE.."T NYLON 12 CONPOllENT 
NO. 
Peak temp AJI Peak temp AH 
°c JIg . °c JIg 
. 
C1 139.5 230~3 184.0 61.1 
. 
C2 140.0 231.1 184.0 60.3 
C3 140.0 226.9 184.5 59.5 
I 
C4 , I 139.5 232.4 184.5 61.1 
C5 139.0 230.7 183.5 57.8 
C6 140.0 230.0 184.0 61.1 
C7 139.5 230.0 183.5 62.4 
C8 139.5 231.1 184.0 61.1 
C9 139.5 226.1 184.0 59.9 
I 
C10 139.0 222.7 183.5 59.5 
. 
. '. ': <'" ." .: ," ' 
I 
/ 
/ 
I , 
.f .. TABLE 10 
, , 
Blends of Nylon 12 and HEVA (Blend Series D) 
Blending Temperature = 200°C Blending Time = . 7~ mina • 
. ,I 
-
BLEND NO. NYLON 12 HEVA, No.-OH groups per 
~IT % ~% 1000C atoms. 
c-
.' 
D1 90 10 6.4 
D2 90 10 16.6 
';'" D3 90 10 28.5 
1 
D4 90 10 44.5 
.... D5 75 25 6~4 
.. 
-. 
'06 . . 75 25 16.6 
D7 75 25 28.5 I' I· 
1 D8 75 25 44.5 
I. 
':'. ,: .'. .-"" ,; . 
..,1,. 
.-
TABLE 11 . 
Tensile Stress-Strain Properties of Nylon 12/HEVA Blends 
.---.. ---.... 
BLEND WT % HEVA No. OHgroups/ TENSILE TENSILE ' AV. DRA\~ ELONGATION IMPACT 
NO. IN BLEND 1000 C atoms in' . STRENGTH AT STRENGTH AT STRES~ AT STRENGp1 
HEVA . YIELD 2 BREAK 2' MN/m BREAK kJ/m 
I-IN/m !tIN/m % 
I B3* 10 0 38.3 41.8 ' 34.8 290 5.78 
I D1 , 10 6.4 40.0, 41.0 ' 36.1 270 5.04 I D2 10 ,16.6 ' ,43.6 43.0 37.1 250 3.80 ! 
I D3 10 28.5 42.3 41.5 ' 36.6 290 4.91 
D4 10 44.5 42.0 42.3 . 36.5 260 4.22 
B5* 25 0 
, 26.8 26.0 ' 25.8 185 3.61 
D5 25 6.4 33.8 • 30.1 29.8 80t 2.36 
. 
. 
' . 
,D6 25' 16.6 33.2 33.2 ' ',' 
-
30t 2.72 
' , 
D7 25 28.5 36.1 36.9 32.6 260 3.13 
D8 25 44.5 34.2 34.2 
-
45t 4.12. 
'. 
' . 
, 
I 
, 
* Equivalent results from series B Nylon 12/HDPE blends included for comparison. 
t· premature failures 
" .. ~ 
'. 
I 
,I. 
TABLE 12 
Blends of Nylon 12 with Nylon 11 (Blend Series E) , 
.' 0 
Blending Temperature 220 C Blending Time. 7t mins., . 
, \ 
BLEND NO. NYLON 12 NYLON ,11 
\'IT % \'IT % 
' .. I 
I 
. E1 100 0 
. ' 
E2 95 5 
. 
'E3 ',75 25 
'. Elt .50 50 
E5 75 25 
E6 100 0 
,'1.. 
.... '. 
TABLE 13 
Tensile Stress-Strain Properties of Nylon 12/Nylon 11 Blends 
-
BLEND % TENSILE STRENGTH TENSILE STRENGTH ELONGATION IMPACT NYLON 11 AT YIELD AT BREAK AT BREAK STRENGTH NO. MN/m2 MN/m2 % kJ/m2 IN BLEND 
I I'IT % . 
~ -........... 
" .. " .. .... , .. ' ....... ' 
.. . . . -
. 
. 
E1 .0 46.6 51.2 330· 4.61 . 
, ~ -: . 
E2 5 45.2 46.0 310 4.54 
, .' , . 
45.6 45.2 
., 
4.74 E3 25 .. , 320 
E4 50 44.4 42.6 300 4.68 
. 
E5 . 75 46.6 47.6 320 4.99 
E6 100 47.8 48.5 320 5.32 
, . 
. 
..... 
,'-.-. ,- . 
. -... 
TABLE 15 
(' 
Mechanical' Properties of Coated Filler Systems. 
-
BLEND FILLER COATING FLEXUAL SHEAR IMPACT 
NO. CONTENT - LEVEL MODUL~S -STRENGTH STRENG~H 
% % GN/m mN/m2 kJ/m 
- F1 
I 
0 0 0.872 - 35.70 ~.37 
F2 5- 0 1.013 36.09 3.33 
F3 I 15 0 1.180 36.97 2.86 
F4 25 ' 0 1.465 38.15 2.78 
F5 10 1 1.166 36.68 2.89 
F6 20 1 1.642 36.58 - 2.46 
--
-
,F? 5 3 1.210 36.68 2.31 
F8 15 3 1.701 36.87 2.64 
F9 25 3 1.680 36.87 2.51 
0 
F10 10 5 1.500 36.29 3.26 
--
0-
-
F11' 20 5 1.659 36.48 2.81 
-- .. 
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